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SKCTIOX  OF  GEOLOGY  AXD  MIX  ERA  LOGY* 

THE  XXTH  INTERNATIONAL  GEOLOGICAL  CONGRESS 
By  M.  Hall  Taylor 

Department  of  Geology,  Columbia  University,  New  York,  N.  Y, 

More  than  3,000  persons  representing  70  different  countries  attended 
the  XXth  International  Geological  Congress  in  Mexico,  D.F.,  Mexico,  Sep- 
,1  tember  4  to  11,  1956.  Large  numbers  of  the  delegates  came  from  the  United 
States  and  Canada,  but  nearly  every  country  of  the  world  in  which  geo¬ 
logical  work  is  in  progress  was  represented  at  the  meetings.  North 
Korea’s  delegates,  however,  cabled  regrets,  blaming  “visa  trouble,’’  a 
surprising  situation  in  view  of  the  substantial  representation  present 

I  from  other  Communist  countries,  including  more  than  50  from  the  Union 
of  Soviet  Socialist  Republics. 

Preconvention  field  trips,  beginning  in  the  latter  part  of  August,  offered 
I  congresistas  opportunities  to  view  many  aspects  of  Mexico’s  diverse 
)  geology.  Excursions  visited  such  widely  scattered  areas  as  Lower  Cali- 
\  fornia.  Chihuahua,  Paricutin,  Oaxaca,  and  Monterrey.  After  the  congress 
!  some  of  these  excursions  were  repeated,  and  several  new  ones  were 
offered.  Excessive  rains  caused  cancellation  or  diversion  of  trips  planned 
for  Yucatan.  Each  excursion  provided  memorable  experiences,  either 
in  the  geological  content  or  interesting  sights  seen,  and  some  in  both. 

The  congress  itself  opened  on  the  morning  of  September  4.  Several 
)  Mexican  notables,  including  the  Honorable  Adolfo  Ruiz  Cortines,  Presi- 
^  dent  of  the  Republic,  offered  short  welcoming  addresses  in  the  huge 

[  National  Auditorium  in  Chapultepec  Park.  The  delegates  then  moved  to 

nearby  Chapultepec  Castle  where,  high  on  a  hill  overlooking  the  city,  in 
surroundings  little  changed  since  Emperor  Maximilian  there  shared  his 
dreams  of  empire  with  Carlotta,  the  delegates  enjoyed  a  lavish  buffet 
j  luncheon  as  guests  of  the  host  country.  Native  entertainers  provided  an 
j  accompaniment  of  music  interspersed  with  dances. 

Technical  sessions,  beginning  in  the  afternoon  of  the  same  day,  were 
held  in  the  School  of  Odontology,  temporarily  renamed  the  Edificio  del 
Congreso,  one  of  many  magnificent  buildings  on  the  new  campus  of  the 
University  of  Mexico  located  near  the  southern  edge  of  the  city. 

’The  Section  held  a  meeting  on  November  5,  1956,  at  which  Shephard  W,  Lowman  of  the 
{  Department  of  Geology,  Rensselaer  Polytechnic  Institute,  Troy,  N«  Y«,  presented  a  paper 
)  on  **Time  and  Environment  in  Stratigraphic  Geology.”  No  copy  of  the  paper  has  been 
received. 

Arrangements  originally  completed  in  June  1956  for  the  October  1956  meeting  of  the 
,  Section  of  Geology  and  Mineralogy  were  changed  late  in  September  when  the  scheduled 
speaker  notified  the  chairman  he  could  not  appear  because  of  a  conflicting  engagement.  In 
substitution,  three  speakers,  William  Donn  of  Brooklyn  College,  Brooklyn,  N.  Y.,  Brian 
Mason  of  the  American  Museum  of  Natural  History,  New  York,  N.  Y.,  and  Hall  Taylor  of 
Columbia  University,  N*=‘w  York,  N.  Y«,  all  of  whom  had  attended  the  XXth  International 
^  Geological  Congress  in  Mexico,  D.  F.,  Mexico,  in  September,  presented  different  aspects 
j  of  that  quadrennial  convention.  This  report  summarizes  the  remarks  of  all  three  speakers, 
j  Taylor  was  the  Academy’s  official  delegate  at  the  convention. 
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Sessions  were  organized  into  15  sections  and  5  symposia,  their  titles 
reflecting  many  of  the  widely  diverse  fields  of  modern  geology:  (1)  vul- 
canology  of  the  Cenozoic;  (2)  Mesozoic  of  the  Western  Hemisphere  and 
its  world-wide  correlations}  (3)  geology  of  petroleum;  (4)  geohydrology  of 
arid  and  subarid  regions;  (5)  relations  between  tectonics  and  sedimenta¬ 
tion;  (6)  origin  of  metallic  and  nonmetallic  mineral  deposits;  (7)  paleon¬ 
tology,  taxonomy  and  evolution;  (8)  plutonic  rocks,  their  origin  and  rela¬ 
tionship  to  tectonics;  (9)  applied  geophysics;  (10)  micropaleontology; 
(11a)  petrology  and  mineralogy;  (11b)  geochemistry  and  geology  of  iso¬ 
topes;  (12)  genesis  of  ancient  and  modern  reefs  (bioherms  and  biostromes); 
(13)  geology  applied  to  engineering  and  mining;  (14)  marine  and  sub¬ 
marine  geology;  and  (15)  diverse  problems  of  general  geology. 

Five  symposia  covered  the  following  subjects:  (1)  geological  occur¬ 
rence  of  oil  and  gas;  (2)  manganese  deposits;  (3)  Cambrian  paleogeogra- 
phy  and  the  base  of  the  Cambrian  system;  (4)  The  Cretaceous  system  and 
its  world-wide  correlations;  and  (5)  geochemical  exploration. 

A  number  of  commissions  and  associations,  some  carrying  over  from 
the  Algerian  Congress  of  4  years  ago,  assembled  at  various  times  to 
consider  matters  within  their  fields  of  interest.  Included  were  such  sub¬ 
jects  as  (1)  the  geologic  map  of  Africa;  (2)  the  geologic  map  of  Europe; 

(3)  the  geologic  map  of  the  world;  (4)  the  physiographic  map  of  the  world; 

(5)  the  international  paleontologic  union;  (6)  the  international  commission 
of  stratigraphy;  (7)  the  correlation  of  the  Karroo  (Gondwana)  system;  and 
(8)  authors’  abstracts. 

More  than  900  abstracts  appeared  in  the  Resumenes  de  los  Trabajos 
Presentados,  but  nearly  half  of  these  summaries  were  abstracts  of  papers 
scheduled  for  presentation  by  title  only.  Of  the  approximately  500  papers 
intended  for  oral  presentation,  probably  not  more  than  half  were  actually 
read.  In  some  instances  authors  had  unavoidably  been  forced  to  cancel 
plans  to  attend  the  congress;  more  often  they  were  unable  to  appear  at  the 
time  and  place  scheduled,  and  each  chairman  regretfully  proceeded  to  the 
paper  next  on  his  list. 

Plans  envision  the  eventual  publication  of  all  of  the  papers,  together 
with  many  of  the  pertinent  oral  and  written  comments  that  they  elicited. 

In  addition,  there  is  considerable  supplementary  material,  such  as  a  | 
geologic  map  of  Mexico,  the  field  guidebooks,  and  a  World  Directory  of  j 
Geologists.  Some  of  this  material  has  already  been  published  and  it  is  [ 
hoped  that  the  remainder  will  appear  soon.  | 

From  the  extensive  discussions  and  committee  work  attendant  on  the  ' 
congress  there  emerged  many  promising  prospects,  only  a  few  of  which  | 
will  be  mentioned.  A  Commission  on  International  Abstracts  plans  to 
attempt  to  coordinate  all  abstracts  published,  first  in  Europe  and  the 
United  States  and,  eventually,  throughout  the  world.  Another  group  will 
direct  its  efforts  toward  effecting  a  more  extensive  exchange  of  geologic  I 
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data  between  Communist  and  non-Communist  countries.  Still  others  will 
undertake  work  looking  toward  the  eventual  publication  of  specialized 
tectonic  and  metalogenetic  maps  of  the  world. 

A  few  exhibits  were  outstanding,  but  the  space  and  weight  restrictions 
of  modern  travel  do  not  encourage  extensive  transport  of  heavy  and  bulky 
display  material.  Of  unusual  interest  was  a  1955  geologic  map  of  the 
Soviet  Union  on  a  scale  of  1:5,000,000,  and  the  new  Jurassic  Paleo- 
tectonic  Folio  of  the  United  States  Geological  Survey,  Washington,  D.C. 

Varied  and  interesting  entertainment,  much  of  it  arranged  by  local  com¬ 
mittees,  lightened  the  leisure  hours  of  the  delegates.  On  one  evening  a 
ballet,  performed  in  the  Palace  of  Fine  Arts  and,  on  another,  Mexican 
folk  singing  and  dancing  in  the  National  Auditorium,  highlighted  the 
artistic  side  of  Mexican  life.  A  reception  at  the  Ambassador  Restaurant 
provided  a  memorable  evening  of  food  and  talk  for  those  fortunate  enough 
to  be  accredited  to  the  congress  as  delegates  of  geological  organizations. 
A  charreada  or  Mexican-style  rodeo  illustrated  the  way  such  a  perform¬ 
ance  is  conducted  in  the  land  of  horses  and  bull  rings.  For  the  ladies 
there  were  shopping  tours,  visits  to  colonial  as  well  as  ultramodern  homes 
of  Mexico  City,  and  a  reception  at  the  exclusive  Jockey  Club. 

As  this  XXth  International  Geological  Congress  ended,  all  of  the 
delegates  agreed  that  it  had  been  a  memorable  one,  and  all  looked  for¬ 
ward  to  the  XXIst  Congress  to  be  held  in  1960  in  Copenhagen,  Denmark. 
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SECTION  OF  BIOLOGY 

I.  CHEMISTRY  AND  ULTRASTRUCTURE  OF 
AMPHIBIAN  YOLK  PLATELETS* 

/  f 

By  Paul  R.  Gross  and  Lawrence  1.  Gilbert 

Department  of  Biology,  University  College  of  Arts  and  Science, 
New'York  University,  New  York,  N,  Y. 


Accumulating  evidence  concerning  the  importance  of  yolk  proteins  in 
morphogenesis  has  prompted  several  reinvestigations  of  the  properties 
of  amphibian  yolk.  Panijel  (1950)  has  studied  differences  in  composition 
and  in  phosphoprotein  phosphatase  activity  between  large  and  small  yolk 
platelets  of  Rana  esculenta,  R.  fusca,  and  Axolotl  eggs.  Flickinger  and 
Nace  (1952)  have  studied  morphogenetic  effects  of  antivitellin  sera  in 
R.  temporaria;  Barth  and  Barth  (1954)  have  summarized  extensive  new 
data  on  protein  phosphate  metabolism  in  R.  pipiens  embryos  in  their 
recent  volume,  and  Flickinger  and  his  coworkers  (1955,  1956)  have  in¬ 
vestigated  certain  aspects  of  the  chemistry  and  enzymology  of  R.  pipiens 
yolk.  Gross  (1954)  has  reported  certain  unique  solubility  properties  of 
yolk  proteins.  Harris  (1946)  has  discovered  the  phosphoprotein  phospha¬ 
tase  (PPP’ase)  of  yolk. 

These  studies  all  suggest  a  complexity  for  the  yolk  platelet  that  is 
inconsistent  with  the  older  descriptions  of  this  structure  as  an  inert 
“flake”  or  “granule”  of  protein.  However,  yolk  platelets  are  not  nearly 
so  complex  as  are  other  cytoplasmic  inclusions,  such  as  mitochondria. 
Their  relative  simplicity  is  perhaps  the  decisive  factor  in  the  unusual 
stability  of  platelets:  such  chemical  and  morphologic  properties  as  we 
can  assay  survive  isolation  and  several  weeks’  storage  in  the  cold. 

The  interest  that  this  structure  holds  for  chemical  embryology  and 
physiology  arises  in  part  from  such  a  combination  of  ordered  complexity 
with  stability.  This  interest,  in  the  presence  of  highly  contradictory 
interpretations  of  yolk  structure  and  chemistry  in  the  current  literature, 
has  created  for  us  the  necessity  for  initiation  of  a  broad  program  of 
studies  on  the  chemistry,  enzymology,  and  ultrastructure  of  yolk.  The 
present  paper  summarizes  certain  results  in  these  areas,  while  the  one 
immediately  following  describes  in  somewhat  more  detail  the  properties 
of  the  PPP’ase  system  as  we  understand  them. 

Methods 

Whole  yolk  platelets  from  R.  pipiens  are  isolated  in  quantity  and 
washed  according  to  the  method  of  Essner  (1953).  The  structures  ob- 

*This  paper*  illustrated  with  lantern  slides*  was  the  first  of  two  papers  presented  at 
a  meeting  of  the  Section  on  November  12*  1956« 

The  work  described  in  this  article  was  supported  by  a  grant  from  the  National  Science 
Foundation*  New  York*  N.  Y.  Some  of  the  data  have  been  extracted  from  a  thesis  sub* 
mitted  by  L.  I.  Gilbert  to  the  Graduate  Faculty  of  New  York  University*  New  York*  N.  Y.* 
in  partial  fulfillment  of  the  requirements  for  the  degree  of  Master  of  Science. 
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tained  remain  stable  when  stored  in  0.1  M  NaCl  in  the  cold,  although 
slow  hydrolysis  of  P  even  at  1°C.  makes  it  necessary  to  discard  prepara¬ 
tions  after  about  one  week.  Figure  1  is  a  phase-contrast  photograph  of 
a  platelet  suspension;  it  shows  the  dimensional  heterogeneity  of  the 
population.  In  order  to  obviate  differences  in  enzyme  activity  and  in 
composition  between  the  large  (85  per  cent)  and  the  small  (15  per  cent) 
fractions,  the  material  used  in  many  of  the  studies  is  the  reprecipitated 
yolk  protein  complex,  called  “YP”  in  an  earlier  paper  (P.  R.  Gross, 
1954).  This  is  prepared  by  dissolving  a  quantity  of  whole  platelets  in 
0.5  M  NaCl  or  KCl,  reprecipitating  the  protein  by  pouring  it  into  a  large 
volume  of  distilled  water,  and  collecting  the  precipitate  by  sedimenta¬ 
tion.  With  fresh  material,  no  protein  remains  in  the  supernatant. 


Figure  1.  Phase-contrast  photomicrograph  of  a  suspension  of  isolated, 
washed  yolk  platelets  from  ovarian  eggs  of  R.  pipiens. 
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Methods  used  in  the  Ca-solubilization,  or  “lysis"  experiments,  were 
the  same  as  those  previously  described  (Gross,  1954).  Chemical  methods 
were  conventional,  and  they  will  be  described  in  detail  in  another  pub¬ 
lication.  Only  one  buffer  system  was  used  in  these  experiments:  this 
was  the  veronal-acetate-HCl  system  of  Michaelis  (1931).  It  was  chosen 
because  of  its  wide  range  and  constancy  of  ionic  strength. 

Results 

Morphology.  As  already  mentioned,  figure  1  is  a  phase-contrast 
photomicrograph  of  a  platelet  suspension.  The  external  morphology  of 
this  platelet  corresponds  with  that  described  by  other  workers  for  many 
amphibian  species.  Our  own  observations  contribute  only  one  additional 
fact:  certain  properties  of  the  platelets  suggest  that  they  are  surrounded 
by  a  differentiated,  membranelike  structure.  This  is  probably  not  a  dif¬ 
fusion  barrier  for  micromolecules  and  ions  (Nass,  1956),  but  it  is  in  all 
probability  impermeable  to  macromolecules.  Ringle  (1956)  finds  that, 
when  platelets  are  permitted  to  lyse  slowly,  it  is  possible  to  observe 
dissolution  of  the  interior  with  concomitant  swelling  of  a  visible  surface 
membrane.  Completion  of  lysis  leaves  “ghosts"  that  can  be  observed 
even  with  ordinary  light  optics  carefully  adjusted.  The  “ghost"  material 
can  be  collected,  and  it  differs  in  several  properties  from  the  bulk  of  the 
platelet  protein.  Ringle  has  also  shown  by  micromanipulation  that  the 
yolk  platelet  is  normally  a  solid,  since  it  can  be  “split"  or  “cracked," 
possibly  along  cleavage  planes.  A  gel  would  not  manifest  such  behavior. 
The  lysing  platelet,  however,  behaves  like  a  small  bag  of  protein  solu¬ 
tion. 

Composition.  Table  1  represents  an  analysis  of  several  batches  of 
yolk  platelets.  These  data  are  quite  typical  for  whole,  wet  platelets,  and 
they  are  therefore  presented  without  extensive  discussion.  The  numbers 


Table  1 

Analysis  of  Washed  Whole  Yolk  Platelets 


Component 

Mg.  per  gm. 
wet  wt. 

Water 

480 

Nitrogen  (total) 

74.5 

Lipide  (extractable  in  hot  ethanol-ether) 

26.4 

Phosphorus  (total) 

8.44 

Nonprotein  nitrogen 

2.19 

Pentose 

0.0258 

DNA 

0 
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are  the  averages  of  several  determinations.  It  will  be  noticed  that  the 
wet  platelet  is  only  48  per  cent  water  and  that  it  is  therefore  the  most 
dense  of  all  subcellular  components  in  the  frog  egg.  Chemical  com¬ 
plexity  is  evident  from  the  presence  in  our  samples  of  protein,  lipide, 
phospholipide  (0.  A.  Schjeide  et  al.,  1955),  nonprotein  nitrogen  (pos¬ 
sibly  as  nucleotides),  and  PNA  (shown  in  the  analysis  only  as  pentose). 
The  possibility  that  this  last  component  may  enter  as  a  contaminant  from 
the  cytoplasm  is  rendered  remote  by  our  extensive  washing  procedures. 
Conversion  of  nitrogen  values  to  protein  N  and  subsequent  multiplication 
by  the  appropriate  factor  indicates  that  the  wet  platelet  contains  45  per 
cent  of  protein.  Our  lipide  values  may  be  somewhat  low,  since  we  have 
preliminary  evidence  of  an  acetone-soluble,  ethanol-ether-insoluble  lipid 
fraction  in  the  material. 

We  have  expressed  our  data  on  a  wet-weight  basis,  since  we  believe 
that  this  makes  evident  at  a  glance  the  composition  of  the  physiologi¬ 
cally  important  wet  material. 

Absorption  spectrum.  Figure  2  is  a  plot  of  the  optical  density 
(absorbance)  of  a  0.14  per  cent  solution  of  “YP"  in  2  M  NaCl  as  a 
function  of  wave  length  in  the  ultraviolet  region.  The  spectrum  is  quite 
characteristic,  and  the  small,  plateaulike  irregularity  near  2600  X.  is  re¬ 
producible.  The  spectrum  is  characteristic  of  tyrosine-tryptophan-con¬ 
taining  proteins,  with  a  maximum  near  276-278  mp.  The  disturbance  in 
the  minimum  near  260  m/x  is  taken  as  confirmation  of  the  analytic  finding 
of  very  small  amounts  of  pentose  (assumed  in  PNA). 

pH-solubility  relation.  Aliquots  of  dilute  yolk  suspension  were  added 
to  equal  volumes  of  veronal-acetate-HCl  buffers  at  a  series  of  pH  values. 
Ionic  strength  was  the  same  in  all  tubes.  Solubility  conditions  reached 
equilibrium  in  a  short  time,  whereupon  the  turbidity  of  each  suspension 
could  be  taken  as  inversely  proportional  to  the  protein  solubility  at  the 
pH  of  the  suspension.  A  typical  result  is  shown  in  figure  3.  The 
protein  complex  is  most  stable  at  pH  6.5,  and  the  solubility  increases 
symmetrically  toward  increasing  and  decreasing  pH.  Virtually  all  protein 
is  dissolved  at  pH’s  4  and  9. 

Figure  3  shows,  in  addition  to  the  pH-solubility  data,  values  for  the 
efficiency  of  the  Ca-lysis  reaction  (see  below)  replotted  from  an  earlier 
publication  (P.  R.  Gross,  1954).  The  pH  optima  for  platelet  stability  and 
Ca-lysis  are  different,  which  strengthens  suggestions  (see  below)  that 
the  Ca-lysis  reaction  may  involve  action  of  the  Ca  upon  a  catalyst  that 
is  distinct  from  the  protein  of  the  main  structure  of  the  yolk. 

Ionic  strength-solubility  relation.  In  univalent  salts,  yolk  platelets  and 
YP  are  insoluble  when  the  ionic  strength  is  0.3  or  less  (at  18°  C.  and  pH 
6-7).  As  p  increases  beyond  0.3,  the  solubility  of  platelets  also  in¬ 
creases,  so  that,  at  p=0.4,  all  platelets  dissolve  almost  instantaneously. 
Salts  with  divalent  cations  dissolve  yolk  even  in  trace  concentrations, 
although  the  rates  of  dissolution  are  exponentially  dependent  upon  the 


FIGURE  2<  Ultraviolet  absorption  spectrum  of  0.14  per  cent  yolk  protein 
complex  in  2  M  NaCl. 

concentration  of  +2  ions.  For  comparison,  however,  the  action  of  divalent 
cations  could  be  characterized  by  stating  that  a  dense  suspension  of 
yolh  protein  in  water  (absorbance  =1.0)  is  completely  dissolved  in  1  min. 
by  0.015  M  CaCl}.  This  leads  to  the  discussion  of: 

Dissolution,  or  lysis,  by  Ca**.  The  fundamental  characteristics  of 
this  reaction  have  been  described  in  an  earlier  paper,  and  a  hypothesis 
concerning  mechanism  has  been  presented  therein.  In  our  more  recent 
experiments,  we  have  discovered  several  new  relations,  one  of  which 
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is  here  presented.  The  kinetics  of  yolk  lysis  by  are  ordinarily  of 

Order  One.  Table  2  lists  first-order  rate  constants  and  half  times  for 
a  series  of  Ca*'*'  concentrations  in  systems  otherwise  identical.  For  YP 
systems  such  as  were  used  here,  values  of  Ca*'*’  higher  than  0.008  M 
caused  too  rapid  lysis  for  kinetic  study,  while  those  below  0.004  M  made 
the  half  time  inconveniently  long.  Within  this  range,  however,  a  rather 
interesting  phenomenon  is  observed,  and  this  is  shown  in  the  table  and 
in  FIGURE  4.  Proceeding  downward  from  8  millimols/liter  to  6,  the 
kinetics  remain  of  the  first  order,  but  below  6  mM,  they  become  complex, 
resolving  at  about  4  mM  to  Order  Zero.  The  graph  shows  the  quantity  of 
insoluble  protein  (/l-X)  remaining  as  a  function  of  time  after  addition  of 
Ca.  The  half-filled  circles  are  for  0.006  M  CaCl2  and  the  open  circles 
for  0.0043  M.  Clearly,  the  system  with  the  higher  concentration  of  Ca 
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Figure  3.  Optical  density  (absorbance)  of  yolk  platelet  suspensions  equili¬ 
brated  at  various  pH  values.  Points  are  inversely  proportional  to  solubility. 
Solid  line:  solubility  data;  dotted  line  and  X’s;  Ca-lysis  data.  See  text. 
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Table  2 

Kinetics  of  Ca-lNiriAXED  Dissolution  of  Yolk  Proteins 


Cone.  Ca'*"*' 
(nM/L) 

Rate  constant 
( sec~  X  KJT^ 

Kinetic  order 

Half  time 
(sec.) 

8.0 

4.53 

1 

15 

7.0 

2.28 

1 

30 

6.0 

1.14 

1 

61 

4.3 

0 

246 

shows  an  exponential  decrease  of  reactant,  and  the  curve  is  drawn  for 
the  first-order  law: 

(/l-;!f)  =  SSOe-ooiM' 

The  constant  “530”  represents  the  initial  turbidity  that  was  read  as  an 
absorbance  of  0.530.  The  lower  concentration  of  Ca  is  represented  by 
the  open  circles  which  fall  on  a  straight  line: 

(A-X)  =  530  -  l.OSf 

that  is  given,  in  this  type  of  plot,  by  a  reaction  of  Order  Zero. 

Space  limitations  forbid  a  thorough  analysis  of  this  result,  but  a  brief 
interpretation  follows  in  the  discussion  section. 

Macromolecules  of  yolk.  Proof  of  the  complexity  of  yolk  platelets  is 
given  by  simple  sedimentation  experiments  on  the  soluble  components. 
Figure  5  is  a  record  of  a  sedimentation  experiment  in  which  YP  was 
redissolved,  freed  of  ghost  material,  and  spun  at  59,780  RPM  in  a  Spinco  i 
analytic^  ultracentrifuge.  The  pH  was  9.6,  the  buffer  veronal,  and  the 
final  ionic  strength  0.4.  Pictures  were  made  at  4,  19,  34,  49,  and  64 
min.  after  speed  was  reached.  Under  these  conditions  the  buffer  ions 
produce  no  appreciable  deflection  of  the  baseline. 

The  yolk  consists  of  at  least  3  components,  marked  A,  B,  and  C  in  the  [ 
figure.  The  main  component,  properly  called  vitellin,  accounts  for  more  j 
than  85  per  cent  of  the  total  mass,  (s^o^n, )  for  this  run  was  8S  for  vitel¬ 
lin,  175  for  A,  and  35  for  C.  These  constants  are  not  extrapolated  to  | 

zero  concentration.  More  recent  results,  to  be  reported  elsewhere,  give  f 

a  value  of  about  115  for  vitellin  at  the  extrapolated  zero.  This  value  is  | 

in  agreement  with  one  recently  reported  (O.  A.  Schjeide  et  at.,  1955).  j 

The  sedimentation  properties  of  yolk  protein  are  drastically  altered  | 

in  the  presence  of  Ca,  confirming  the  conclusion  that  Ca  acts  differently  . 

on  yolk  than  does  Na  or  K.  When  a  solution  of  YP  is  treated  with  Ca'*"*',  I 

there  is  a  slow  but  continuous  increase  in  the  light  scattering  of  the  f 

solution,  accompanied  by  the  appearance,  in  the  ultracentrifuge,  of  a 
polydisperse,  asymmetric,  rapidly  sedimenting  component  derived  from  { 
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vitellin.  The  mean  sedimentation  constant  for  the  new  component  in¬ 
creases  with  time,  reaching  values  of  50-60S  after  a  few  days,  whereupon 
no  trace  of  the  IIS  vitellin  boundary  remains. 

The  change  wrought  by  Ca’"*'  must  have  2  phases,  for  it  is  impossible 
to  reprecipitate  Ca-dissolved  vitellin  after  a  few  minutes,  even  by 
dialysis  against  water  for  many  hours.  This  means  that  some  rapid 
alteration  in  the  globulin  has  conferred  albuminlike  properties  on  it.  The 
only  sign  of  this  rapid  change  is  the  appearance  in  the  centrifuge  of  a 
trace  of  a  new  component  which  is  somewhat  lighter  than  vitellin.  But 
the  striking  change  is  the  conversion  of  the  Ca-altered  vitellin  from  a 
small  spherical  macromolecule  to  a  large  asymmetric  particle.  This 
process  is  slow  and  progressive.  It  is  interesting  to  note  that  even  the 
large  aggregate  is  albuminlike,  the  treatment  with  Ca  having  removed 
permanently  the  property  of  insolubility  in  salt-free  water. 

The  processes  described  above  have  been  followed  with  the  electron 
microscope,  as  well  as  by  sedimentation.  The  dimensions  and  con¬ 
stants  for  the  various  molecular  individuals  described  are  being  in¬ 
corporated  into  the  publication  mentioned  elsewhere  in  this  report. 


Figure  4.  Turbidity  of  yolk  protein  suspension  as  a  function  of  time  after 
addition  of  Ca'^'*'.  Half-filled  circles:  6  mM/L  Ca^'*' ;  open  circles:  4.3  mM/1. 
See  text  for  equations  of  curves. 
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Figure  5.  Sedimentation  of  1  per  cent  solution  of  yolk  protein  complex 
(“YP”)  in  veronal-NaCl  medium,  pH  9,6;  fi  =  0.4,  30°  C.  Numbers  above  frames 
show  time  after  reaching  speed  when  photograph  was  taken. 

Discussion 

We  may  draw  3  conclusions  from  the  several  kinds  of  experimental 
result  summarized  here. 

The  first  conclusion  is  very  general,  but  nevertheless  important.  The 
yolk  platelet  can  no  longer  be  considered  a  crystal,  or  a  pellet  of  protein, 
whose  function  is  merely  to  store  phosphoprotein.  The  platelet  has  been 
shown  to  be  chemically  and  structurally  complex.  It  contains  several 
macromolecular  species,  as  well  as  several  nonprotein  organic  con¬ 
stituents.  Among  these  is  PNA.  The  platelets  have  one  proven  enzymatic 
property:  the  hydrolysis  of  P  from  phosphoprotein  without  preliminary 
proteolysis  (D.  L.  Harris,  1946);  they  may  have  another  in  the  Ca-lysis 
system.  The  PPP’ase  system  is  unusual  in  that  the  enzyme  and  substrate 
are  locked  into  a  single  solid  structure  (probably  in  a  solid  solution). 
The  manipulative  experiments  have  clearly  shown  that  the  platelet  is 
ordinarily  a  solid  that  is,  curiously,  invested  by  a  differentiated  mem¬ 
brane  (P.  R.  Gross,  1954  and  D.  A.  Ringle,  1956). 

The  yolk  platelet,  therefore,  should  be  considered  an  organelle:  its 
physicochemical  complexity  suggests  very  strongly  a  concomitant 
functional  complexity;  at  least,  one  involving  more  than  storage.  Flick- 
inger  (1956)  has  implied  that  yolk  protein  may  have  a  primary  role  in 
embryonic  induction. 

Our  second  conclusion,  this  one  a  detail,  arises  from  the  lysis  ex¬ 
periments  considered  in  the  light  of  the  probable  existence  of  a  platelet 
membrane  or  coat.  Visually,  the  lysis  phenomenon  resembles  hemolysis 
of  erythrocytes.  If  our  analysis  of  the  structure  of  platelets  is  correct, 
this  resemblance  is  more  than  superficial.  Consider  the  normal  platelet, 
a  solid  invested  by  a  membrane  permeable  to  all  ions:  the  interior  solid 
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contributes  effectively  nothing  to  the  osmotic  pressure  at  ordinary  pH, 
so  that  the  system  is  stable.  If  now  we  add  salt,  dissolving  by  whatever 
mechanism  some  part  of  the  interior  lattice,  the  osmotic  pressure  inside 
increases  immediately,  and  the  increase  is  due  to  a  nondiffusible  com¬ 
ponent.  In  a  system  such  as  this,  it  can  be  shown  (for  example,  the 
elegant  mathematical  treatment  of  M.  H.  Jacobs  and  D.  R.  Stewart,  1947) 
that  an  equilibrium  volume  can  never  be  attained,  and  that  swelling 
and  lysis  must  therefore  ensue. 

The  one-to-zero  kinetic  order  transition  in  Ca-lysis  of  yolk  is  the 
basis  of  the  final  conclusion,  which  is  also  an  interesting  detail.  It  is 
difficult  to  see  how,  if  Ca  were  involved  in  some  simple  salting-in  re¬ 
action  with  vitellin,  mere  reduction  of  the  Ca-concentration  could  alter 
the  kinetics  of  solubilization.  Several  mechanisms  are  possible,  but  all 
are  unattractive  and  involve  violations  of  Occam’s  dictum.  The  simplest 
interpretation  (and  therefore  the  most  attractive)  that  still  accounts  for 
all  of  the  properties  of  the  reaction  is  that  there  is  a  Ca-activated 
solubilization  catalyst  which,  when  the  concentration  of  activator  be¬ 
comes  suitably  low,  is  saturated  with  the  now  excess  substrate.  This 
condition  would  give  zero-order  solubilization  of  vitellin,  and  the  as¬ 
sumption  of  a  Ca-activated  catalyst  of  this  type  would  account  for  the 
transition  of  kinetic  order  to  1  when  the  quantity  of  Ca*"*^  (and  hence  the 
concentration  of  active  enzyme)  rises  sufficiently.  Of  course,  kinetic 
data  alone  cannot  prove  the  operation  of  a  specific  mechanism,  although 
they  can  disprove  one.  The  confirmation  of  this  hypothesis  depends 
upon  other  experimental  proofs,  such  as  the  isolation  and  characteriza¬ 
tion  of  the  suspected  catalyst.  This  latter  is  a  difficult  matter  in  the 
present  instance,  and  it  has  the  disadvantage  that  negative  results  mean 
nothing.  We  can  perhaps  hope  for  a  solution  to  this  problem  in  the  near 
future. 
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II.  PHOSPHOPROTEIN  PHOSPHATASE  OF  AMPHIBIAN  YOLK* 
By  Sylvan  Nass 

Department  of  Biology,  University  College,  New  York  University, 
New  York,  N.  Y. 


The  relation  of  phosphoprotein  phosphatase  (PPP’ase)  activity  to  yolk 
utilization  has  been  the  subject  of  several  recent  investigations.^^  A 
number  of  contradictory  findings  regarding  the  PPP’ase  system  and  its 
substrate  necessitate  a  detailed  investigation  of  the  enzyme’s  mechanism 
of  action. 

PPP’ase  was  first  described  in  amphibian  yolk  by  Harris^,  who  demon¬ 
strated  that  the  enzyme  hydrolyzes  inorganic  phosphate  from  its  phos¬ 
phoprotein  substrate,  vitellin,  and  that  it  is  capable  of  acting  on  other 
phosphoproteins  as  well.  There  have  been  many  reports  on  the  presence 
of  the  enzyme  in  forms  other  than  the  amphibian  and  many  indications  of 
its  autonomy.^’ From  an  acetone  powder  of  chick  embryos  Foote  and 
Kind®  have  been  able  partially  to  purify  a  fraction  that  is  active  only  on 
phosphoprotein.  Sundarajan  and  Sarma^  prepared  ox  spleen  PPP’ase  and 
achieved  a  200-fold  purification.  The  material  acted  on  both  o  and  /3- 
casein  and  did  not  attack  either  of  the  casein  fractions  after  proteolytic 
degradation.  Perlman®  had  previously  shown  that  acid  phosphatase 
hydrolyzes  inorganic  phosphate  from  ocasein,  but  not  from  the  /3-form. 
Flickinger,^  however,  has  suggested  that  the  phosphate  release  may  in 
reality  be  nonenzymatic. 

The  disappearance  of  glycogen  during  gastrulation  coincides  with  the 
period  of  optimum  PPP’ase  activity®.  It  has  been  shown  that  the  phos¬ 
phate  of  vitellin  eventually  becomes  nucleic  acid  phosphate, while  the 
protein  is  incorporated  into  the  cytoplasm  of  the  embryo.  “  These  important 
findings  create  a  need  for  more  information  on  the  operation  of  the  enzyme. 
However,  Flickinger’s  proposals  and  those  of  Barth  and  Barth  on  the 
mechanism  of  PPP’ase  action  and  control  are  contradictory.  Both  theories 
agree  in  relating  the  phenomenon  of  yolk  solubilization  to  PPP’ase 
activity.  Holtfreter^^  found  that  he  could  obtain  neural  inductions  of 
ectoderm  explants  at  pH  4  and  9.6  (the  pH  at  which  platelets  are  solu¬ 
bilized).  Holtfreter'®  has  also  shown  that  platelets  are  rendered  soluble 
under  many  other  conditions. 

The  platelets  can  be  lysed  (solubilized)  by  Na"*^,  Ca'*'^,  and  under 
suitable  conditions  of  temperature,  incubation  time,  and  pH.  Ca** 

*This  paper,  illuitrated  with  lantern  alidea,  waa  the  aecond  of  2  contribuUona  pre- 
aented  at  a  meeting  of  the  Section  on  November  12,  1956. 

The  work  deacribed  in  thia  article  waa  aupported  by  a  grant  from  the  National  Science 
Foundation,  New  York,  N.  Y,,  adminiatered  by  P.  R.  Groaa  of  New  York  Univeraity,  New 
York,  N.  Y.  The  data  are  taken  from  a  theaia  aubmitted  by  the  author  to  the  Graduate 
Faculty  of  New  York  Univeraity  in  partial  fulfillment  of  the  requirementa 
Master  of  Science. 
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solubilization  occurs  at  lower  ionic  strengths  than  are  necessary  for 
sodium  lysis.  Gross'^  has  presented  evidence  for  an  enzymatic  mecha¬ 
nism  (not  PPP’ase)  in  the  Ca-lysis  reaction.  Some  investigators^'^  have 
believed  that  Ca  is  not  only  lytic  in  its  action,  but  that  it  is  an  activator 
of  PPP’ase,  although  others claim  the  ion  to  be  inhibitory. 

We  have  approached  the  study  of  this  system  by  varying  a  number  of 
parameters,  including  temperature,  time  of  incubation,  pH,  ionic  strength, 
and  ionic  composition,  in  an  attempt  to  uncover  the  physiological  mecha¬ 
nisms  involved  in  yolk  utilization.  The  problem  is  not  really  one  of 
discovering  the  optimum  conditions  for  the  enzyme’s  action  (which  rarely 
occur  in  vivo),  but  of  obtaining  an  understanding  of  how  the  controlled 
release  of  inorganic  phosphate  is  achieved. 

The  yolk  platelet  is  a  structure  composed  mostly  of  phosphoprotein  and 
the  enzyme  PPP’ase.  We  are  thus  dealing  with  a  physiologically  intact 
system  in  which  enzyme  and  substrate  are  in  close  association  with  each 
other  and  in  which  the  quantitative  relations  between  them  are  fixed.  An 
ability  to  obtain  very  clean  platelets  in  large  quantities  makes  this 
material  ideal  for  a  study  of  an  isolated  intact  system,  the  enzyme-sub¬ 
strate  relations  of  which  are  equivalent  to  those  in  vivo. 

Materials  and  Methods 

The  yolk  platelets  of  frogs  (Rana  pipiens)  are  isolated  by  the  differ¬ 
ential  centrifugation  method  of  Essner*^,  with  the  last  4  of  7  centrifu¬ 
gations  carried  out  in  0.1  M  NaCl  in  order  to  remove  any  traces  of  phos¬ 
phate  buffer. 

Platelet  suspensions  were  standardized  by  solubilizing  and  obtaining 
an  optical  density  of  1.00  ±  0.05  for  the  sample  at  280  m/x  with  a  slit 
width  of  0.5  mm.  on  the  Beckman  DU  spectrophotometer.  Wide  variations 
of  PPP’ase  activity  were  found  in  samples  having  the  same  optical 
density  (and  hence  the  same  protein  concentration),  and  rigid  standardi¬ 
zation  procedures  were  therefore  abondoned.  Absolute  quantities  of  phos¬ 
phate  presented  in  this  report  are  significant  only  when  the  same  platelet 
suspension  is  utilized.  In  all  other  cases  the  amounts  of  phosphate  re¬ 
leased  can  be  discussed  only  in  a  relative  manner. 

The  platelet  suspensions  contributed  two  fifths  of  the  volume  of  all 
reaction  mixtures.  The  buffer  system  used  made  up  one  half  the  total 
volume,  while  the  final  one  tenth  consisted  of  NaCl  concentrations  vary¬ 
ing  between  0.1  and  4  M,  or  0.5  M  CaCl,.  The  veronal-acetate-HCl  buffer 
of  Michaelis  “  was  employed.  The  pH  of  the  buffers  varied  from  2.6 
through  9.6  but,  after  preliminary  experiments,  the  highest  pH  utilized 
was  7.  This  buffer  system  was  employed  because  of  its  wide  range  and 
constant  ionic  strength. 

The  buffered  platelet  suspensions  were  incubated  at  temperatures  rang¬ 
ing  from  16°  to  65°  C.  with  variations  of  incubation  time,  pH,  and  salt 
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concentrations.  Before  the  experimental  period  started,  the  platelets  and 
salt-buffer  tubes  were  allowed  to  equilibrate  separately  in  the  water  bath. 
They  were  then  mixed  and  a  zero-time  sample  removed,  in  order  to  ac¬ 
count  for  any  inorganic  phosphate  released  independent  of  the  incubation 
procedure.  In  all  the  series  comparing  the  effects  of  pH  and  temperature 
of  phosphate  release,  the  incubations  lasted  90  min.  For  long  duration 
rate  curves,  obtained  at  constant  pH  and  temperature,  samples  were  re¬ 
moved  at  30  min.  intervals. 

The  reactions  were  stopped  by  pipetting  8  ml.  of  10  per  cent  trichloro¬ 
acetic  acid  (TCA)  into  2  ml.  of  the  reaction  mixture.  The  TCA  precipitates 
were  allowed  to  stand  overnight  in  the  refrigerator.  They  were  then  filtered 
through  Whatman  No.  12  folded  filter  paper.  Five  ml.  of  the  filtrate  were 
collected,  and  inorganic  phosphate  was  determined  by  the  Fiske  and 
Subbarow  procedure. 


Results  I 

The  interrelations  between  pH,  temperature  and  activity  of  platelets 
maintained  in  an  NaCl  solution  with  ionic  strength  0.1.  Figure  1  illus¬ 
trates  the  combined  effects  of  temperature  and  pH  on  the  platelet  sus¬ 
pensions.  Three  frogs  were  sacrificed  for  this  series,  and  the  platelet 
suspensions  were  pooled.  The  pH  optimum  for  PPP’ase  was  between  4.4 
and  5.1.  The  pH  was  measured  after  incubation.  At  55°  C.  the  optimum 
shifted  to  values  between  5.1  and  5.4.  The  highest  value  for  a  90  min. 
incubation  was  at  45°  C.  Complete  inactivation  occurred  at  65°  C.  At 
maximum  activity,  the  platelets  had  dissolved. 

The  relations  of  temperature  and  pH  to  enzyme  activity  are  quite  con¬ 
ventional  in  this  system.  The  most  acute  changes  in  activity  with  changes 
in  temperature  were  found  in  systems  incubated  at  pH  3.8.  It  was  ob¬ 
served  that  in  this  system  some  physical  change  in  the  protein,  evidenced 
by  a  change  in  the  optical  properties  of  the  suspension,  had  occurred. 

The  effects  of  calcium  ions.  The  same  yolk  suspensions  used  in  the 
preceding  section  were  employed  in  this  series  to  make  possible  valid 
comparisons  between  the  effects  of  Na'*'  and  Ca''”’’.  The  results  of  varying  1 
temperature  and  pH  on  Ca'*"’'-lysed  platelets  are  shown  in  figure  2.  For  f 
comparison,  a  plot  of  the  activity  in  0.4  M  NaCl  at  55°  C.  is  included  in  j 
both  FIGURES  1  and  2  (see  legends).  The  optimum  pH  found  at  all  tem¬ 
peratures  in  the  Ca**-lysed  system  was  close  to  4.4,  a  shift  from  the  pH  I 

5.0  peak  of  the  0.1  M  NaCl  system.  The  platelets  maintained  between  [ 

pH  4.4  and  6.0  all  lysed  completely  and  rapidly  at  all  temperatures.  The  ! 

temperature  for  the  maximum  release  of  phosphate  during  90  min.  of  incu-  | 

bation  in  the  Ca  system  was  37°  C.,  a  temperature  significantly  different  1 

from  that  found  in  the  Na  system.  | 

No  correlations  between  PPP’ase  and  lysis  could  be  demonstrated  in  | 
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Figure  Z  Effects  of  temperature  and  pH  on  PPP’ase  activity.  Open  circles 
CaClj  ppO.  26.  Closed  circles,  NaCl  /^0.4.  Incubation  time  90  min. 
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this  series,  since  lysis  occurred  over  a  wide  pH  range,  while  PPP’ase 
activity  was  restricted  within  narrow  pH  limits. 

The  effects  of  high  ionic  strengths  of  NaCl  on  PPP*ase  activity.  An 
experiment  was  performed  on  the  same  yolk  preparation  described  in  the 
2  previous  sections,  using  NaCl  with  f^=0.4  at  55°  C.  The  result  is  shown 
in  both  FIGURES  1  and  2.  With  the  exception  of  pH  3.8,  this  salt  concen¬ 
tration  caused  immediate  lysis.  As  in  low  ionic  strengths  in  NaCl,  the 
optimum  pH  was  between  4.4  and  5.1.  However,  the  activity  in  strong 
salt  solution  is  greater  at  the  pH  extremes  than  it  is  in  0.1  M  NaCl. 
Platelets  in  either  of  the  NaCl  solutions  have  a  greater  pH  stability 
range  with  regard  to  PPP’ase  activity  than  in  CaCl,. 

Data  relating  temperature  and  pH  to  phosphate  release  in  high  concen¬ 
trations  of  NaCl  are  presented  also  in  figure  3.  Here,  the  phosphate 
release  was  maintained  at  a  nearly  constant  level  between  23°  and  55°  C. 
The  PPP’ase  of  these  solutions  was  less  susceptible  to  inactivation  at 
low  or  high  pH  than  it  was  in  intact  platelets  incubated  at  low  NaCl 
concentrations  or  lysed  in  CaCl,. 

Relation  of  ionic  strength  to  phosphate  release.  The  ionic  strengths  of 
the  buffered  platelets  were  varied  between  0.1  and  0.5  in  order  to  de¬ 
termine  whether  solubilization  alone  could  account  for  the  increased 
PPP’ase  activity  observed  at  high  NaCl  concentrations.  With  incubation 
periods  of  90  min.,  lysis  occurs  slowly  at  37°  C.  pH  5.1  in  0.1  M  NaCl. 
Phosphate  release,  however,  was  equivalent  to  that  found  at  higher  ionic 
strengths,  where  immediate  lysis  was  observed.  When  the  pH  was  adjusted 
to  5.4,  no  lysis  was  observed  in  media  of  ionic  strengths  of  0.10  or  0.11, 
and  phosphate  release  was  low. 

Figure  4  indicates  that  the  marked  differences  in  PPP’ase  activity 
between  platelets  incubated  at  pH  5.1  and  5.4,  in  low  NaCl  concentra¬ 
tions,  is  due  to  their  physical  state,  that  is,  whether  they  are  lysed  or 
unlysed.  The  “activating”  effect  of  higher  concentrations  of  NaCl  on 
the  PPP’ase  system  is  exerted  by  solubilization  of  the  platelets. 

After  the  platelets  are  lysed,  addition  of  more  NaCl  has  no  further 
activating  effect,  and  at  very  high  ionic  strengths  (/l^O.5)  some  inhibition 
of  PPP’ase  is  observed.  Platelets  lysing  in  0.1  M  NaCl  after  40  min.  at 
pH  4.7  had  the  same  P  release  after  90  min.  as  those  platelets  which 
were  lysed  immediately.  Thus  it  appeared  that  the  enzymatic  process 
proceeded  within  the  intact  platelet;  lysis  seemed  simply  to  release  the 
products  of  the  reaction.  This  hypothesis  was  shown  to  be  erroneous  by 
the  experiments  described  below  under  Kinetic  Studies. 

The  results  also  show  that  the  differences  in  the  release  of  phosphate 
by  platelets  in  the  Na  and  Ca  lysed  series  cannot  be  attributed  to  dif¬ 
ferences  in  ionic  strength. 

Variability  among  platelet  susp&isions  with  respect  to  PPP*ase 
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activity.  Table  1  compares  4  yolk  preparations  incubated  at  18®  and 
37°  C.  for  90  min.  at  a  pH  of  5.4  in  NaCl  or  CaCl,. 

The  table  shows  that  1  of  the  4  preparations  always  released  more 
phosphate  than  the  others.  Sample  1  was  the  only  suspension  to  lyse  in 
0.1  M  NaCl  at  37°  C.  and,  as  previously  shown,  the  release  of  phosphate 
in  the  low  and  high  NaCl  concentrations  were  approximately  equal  when 
lysis  occurred.  At  18°  C.,  where  no  lysis  occurred  in  0.1  M  NaCl,  there 
was  a  greater  difference  in  PPP’ase  activity  as  compared  with  platelets 
lysed  in  higher  ionic  strengths  of  NaCl.  At  the  pH  of  this  experiment  an 
increase  in  temperature  decreased  the  phosphate  released  in  the  Ca-lysed 
system. 

Kinetic  studies.  Samples  2  and  3  (table  1)  did  not  lyse  at  37°  C.  in 
pH  5.4  buffer  and  0. 1  M  NaCl.  These  platelets  were  used  for  the  determi¬ 
nation  of  PPP’ase  activity  in  unlysed  platelets.  These  same  preparations 
were  also  lysed  by  increasing  the  ionic  strength,  and  the  rates  of  the 
phosphate  release  of  both  systems  were  compared.  Figure  5  indicates  a  I 
much  greater  release  of  inorganic  phosphate  by  lysed,  as  compared  to  un-  | 


Figure  3.  Effects  of  temperature  and  pH  on  PPP’ase  activity.  NaCl  p"0.4. 
Incubation  time  90  min. 
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IONIC  STRENGTH 

Figure  4.  Effects  of  ionic  strength  on  PPP’ase  activity.  Temperature  37° C., 
incubation  time  90  min.,  filled  circles  pH  5.1,  open  circles  pH  5.4. 

lysed,  platelets.  After  16  hours  of  incubation  (<»  on  figure  5)  the 
originally  unlysed  platelets  had  dissolved,  and  inorganic  phosphate 
measured  in  all  samples  was  equivalent. 

Further  experimentation  has  indicated  that  the  difference  in  the  release 
of  phosphate  between  lysed  and  intact  platelets  is  not  due  to  a  membrane 
banier.  If  intact  platelets  are  lysed  just  prior  to  precipitation  with  TCA, 
the  phosphate  measured  equals  that  of  intact  rather  than  solubilized 
platelets.  This  indicates,  first,  that  protein  can  be  made  soluble  without 
any  release  of  phosphate  (compare  Barth  and  Barth  ^).  The  converse,  that 
is,  P  release  without  solubilization,  has  also  been  demonstrated.  Plate¬ 
lets  stored  in  0.1  M  NaCl  and  refrigerated  release  small,  but  regular 
amounts  of  inorganic  phosphate,  without  concomitant  protein  solubiliza¬ 
tion.  If  the  platelets  are  incubated  at  higher  temperatures,  centrifuged, 
and  analyzed,  phosphate  is  released  more  rapidly,  still  without  any 
protein  dissolution. 

Discussion 

The  foregoing  data  demonstrate  a  correlation  between  solubilization 
and  PPP’ase  activity.  Flickinger^  has  proposed  the  following  hypothesis 
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in  order  to  explain  this  correlation: 

Platelets  — >Ca-solubilized  vitellin  - > 

Pigment  +  small  amount  livetin  (PPP’ase) 

livetin  +  inorganic  phosphate 
(soluble  dephosphorylated  vitellin) 

(According  to  Flickinger,  livetin  is  water-soluble  dephosphorylated 
vitellin;  and  livetin  has  PPP’ase  activity.)  This  proposal  necessitates 
solubilization  of  the  platelet  preceding  PPP’ase  action  and  necessitates 
that  the  reaction  be  autocatalytic. 

The  results  of  our  experiments  do  not  support  any  special  significance 
for  Ca"'"''  in  the  release  of  inorganic  phosphate.  At  37°  C.  and  pH  4.4,  the 
PPP’ase  activity  in  Ca  was  as  high  as  in  Na-lysed  systems  but,  over  the 
rest  of  the  pH  and  temperature  ranges  used,  the  activity  in  Ca  was  less 
than  for  intact  platelets  incubated  in  NaCl.  This  should  not  be  taken  to 
indicate  that  sodium  is  an  activator  of  this  system.  On  the  contrary,  high 
Na*  concentrations  seem  inhibitory  to  the  release  of  phosphate  (figure 
4).  It  is  obvious  from  Gross’**  and  Flickingei’s^  work  that  the  Ca  and  Na 
lysis  mechanisms  are  fundamentally  different,  but  there  is  no  evidence 
that  Ca  is  needed  to  activate  the  PPP’ase  system.  Indeed,  since  we  find 
both  intact  and  solubilized  p'atelets  releasing  phosphate  in  NaCl,  we 
believe  the  portion  of  the  hypothesis  requiring  Ca  activation  is  unneces¬ 
sary.  This  does  not  mean  that  Ca  is  of  no  importance  to  this  system.  It 
does  suggest  that  the  role  of  Ca,  if  it  has  any  importance  to  PPP’ase,  is 
not  one  of  direct  enzyme  activation. 

We  have  not  investigated  the  pigment  fraction  of  the  egg  homogenates, 
but  Flickinger^  and  the  Barths*  agree  on  its  importance.  Flickinger 
suggests  the  action  may  be  to  emulsify  the  yolk,  or  that  the  pigment 
contains  the  small  yolk  granules  with  their  high  PPP’ase  concentrations. 
Nevertheless,  from  Flickinger’s  findings,  as  well  as  from  our  own,  it  is 
obvious  that  phosphate  release  may  occur  in  the  absence  of  pigment. 

Table  1 

Phosphate  Released  During  Incubation  in  Salt  solutions 

pH  5.4: 

Incubation  Period  90  Minutes 


18°  C.  37°  C. 


Sample 

number 

NaCt 

CaCti 

NaCl 

CaC/, 

M-0.1 

p-0.4 

M-0.26 

M-0. 1 

M-0.4 

P-0.26 

1 

8 

20 

26 

28.7 

9.3 

2 

6 

15.3 

14 

22 

1.3 

3 

4 

113 

9.3 

16.7 

4 

4 

17.3 

14 

22 

L3 
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Figure  5.  Effect  of  lysis  on  rate  of  phosphate  release.  Temperature  37®  C., 
pH  5.4.  Upper  curves,  lysed  in  NaCl  fjrO.A  prior  to  incubation.  Lower  curves,  un¬ 
lysed  in  NaCl  /t“0. 1. 

The  major  contradiction  between  Flickinger’s  results  and  those  reported 
here  is  that  P  release  can  be  demonstrated  to  take  place  from  intact 
platelets  without  concomitant  protein  solubilization.  This  release  is  much 
slower  than  that  found  in  solubilized  platelets,  but  both  types  of  release 
occur. 

The  possibility  that  the  release  of  phosphate  may  be  nonenzymatic,  as 
suggested  by  Flickinger,  has  not  been  investigated.  Our  results,  however, 
appear  to  be  compatible  with  enzymatic  reactions. 

Another  objection  to  Flickinger’s  hypothesis  is  that  in  our  experiments 
we  found  no  kinetic  or  chemical  evidence  for  autocatalysis.  We  also  find 
that  reprecipation  of  vitellin  from  Na-lysed  platelets  leaves  no  water- 
soluble  protein  in  solution.  Flickinger  gives  no  insight  into  the  origin  of 
the  small  amount  of  livetin  (containing  PPP’ase)  which,  he  believes, 
catalyzes  the  phosphate  release. 


128 


TRANSACTIONS 


Our  results  are  in  agreement  with  Flickinger’s  in  indicating  that,  under 
most  conditions,  protein  solubilization  allows  for  the  greater  release  of 
phosphate.  However,  as  Flickinger  indicates,  protein  solubilization  does 
not  release  inorganic  phosphate  immediately.  Conversely,  the  release  of 
phosphate  does  not  cause  protein  solubilization,  as  Barth  and  Barth 
believe. 

Flickinger  and  the  Barths  disagree  on  which  of  the  protein  components 
is  phosphoprotein.  The  Barths  indicate  that  their  smaller  component  is 
phosphoprotein  that  is  complexed  with  a  large  nonphosphoprotein  fraction 
in  the  intact  platelet,  while  Flickinger  believes  the  larger  component  is 
phosphoprotein.  PPP’ase,  which  the  Barths  consider  of  extraplatelet 
origin,  releases  phosphate,  which  allows  the  breakdown  of  the  complex  j 
into  soluble  components.  Our  results  show  that  phosphate  can  be  released 
without  the  solubilization  of  protein,  and  vice  versa. 

It  is  necessary,  on  the  basis  of  the  results  reported  here,  to  postulate 
2  mechanisms  for  the  release  of  phosphate.  Release  from  the  intact 
platelet  is  slow,  and  there  is  no  protein  solubilization.  When  platelets 
are  solubilized,  phosphate  is  released  at  a  rate  that  is  greater  by  a  factor 
of  2  or  more,  other  conditions  being  equal. 

The  phosphate  released  from  whole  platelets  substantiates  Brachet’s“ 
belief  that  platelets  can  lose  a  part  of  their  phosphorus  without  breaking 
down.  This  phosphorus  may  be  incorporated  into  ribonucleic  acid  during 
the  early  stages  of  development.  The  possibility  exists  that  most  of  the 
phosphorus  is  removed  from  the  platelet  before  much  of  the  yolk  protein 
is  solubilized.  Alternatively,  the  solubilization  of  yolk  may  be  a  mecha¬ 
nism  by  which  the  embryo  can  gain  enough  phosphate  in  any  area  as  it  is 
needed.  Thus,  those  areas  where  histological  differentiation  proceeds 
most  rapidly  and  where  yolk  solubilization  is  most  rapid would  also 
have  more  inorganic  phosphate  available.  These  2  reactions  may  be  the 
mechanisms  of  controlled  phosphate  release  that  seem  essential  to  the 
differentiation  and  development  of  the  embryo. 
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SECTION  OF  ANTHROPOLOGY* 

SHAMANISTIC  SYNCRETISM  IN  SOUTHERN  YUKON** 

By  Catharine  McClellan 

Department  of  Anthropology,  Barnard  College,  New  York,  N.  Y, 

The  shamans  are  among  the  most  important  individuals  in  the  native 
groups  of  the  Yukon  Territory,  Canada.  Despite  the  fact  that  these  abo¬ 
riginal  practitioners  have  allied  themselves  with  Christianity  in  several 
ways,  analysis  suggests  that  the  degree  of  syncretism  is  not  actually  very 
great,  and  that  shamanistic  absorption  of  Christianity  typifies  a  patterned 
adaptability  that  can  be  discerned  in  other  facets  of  native  life.  This 
involves  a  characteristic  willingness  to  entertain  and  even  to  search  for 
new  ideas.  However,  since  only  those  concepts  that  help  practically  in 
the  business  of  living  are  permanently  incorporated,  aboriginal  traditions 
may  remain  virtually  unchanged.  This  tendency  is  linked  to  a  fluid  and 
unformalized,  yet  pragmatic  approach  to  life,  and  to  a  prevailing  desire 
to  avoid  any  sort  of  overt  crisis.  A  full  exposition  of  these  ideas  would 
require  more  detailed  presentation  than  is  possible  in  this  paper,  which 
is  limited  to  a  sampling  of  the  shamanistic  data. 

My  information  is  derived  from  a  number  of  poorly  known  Indian 
groups  of  southern  Yukon.  Ranging  from  east  to  west,  there  are,  first,  the 
southern  Tutchone,  comprising  5  or  6  bands  on  the  upper  Alsek  and  Yukon 
drainages.  To  the  east  of  them  live  the  Tagish,  whose  territory  includes 
the  Marsh,  Tagish,  and  Bennett  lakes.  The  Tagish  originally  spoke 
Athabascan,  but  they  acquired  Tlingit  as  their  main  language  during  the 
19th  century. 

Still  farther  east,  in  an  area  extending  to  the  divide  between  the 
drainage  of  the  Mackenzie  and  Yukon  rivers,  live  the  Teslin  Taku, 
a  Tlingit-speaking  group  now  located  on  Teslin  Lake,  where  they  arrived 
from  the  coastal  Taku  River  basin  some  time  during  the  past  century.  In 
its  move  this  group  probably  incorporated  a  previous  Athabascan  popula¬ 
tion. 

To  the  north  of  this  tier  of  tribes  are  other  Athabascans  who,  according 
to  our  rather  unsatisfactory  present  classification,  maybe  called  Tutchone. 
I  have  drawn  on  data  from  those  located  on  the  upper  Yukon  and  the 
Pelly  rivers.  The  latter  people  have  had  especially  close  relations  with 
the  Kaska  of  the  Upper  Liard  River  and  Frances  Lake. 

•The  Section  of  Physics  and  Chemistry  held  a  meeting  on  November  13,  1956,  at  which 
a  paper  entitled  "Chemistry  and  Physics  in  the  Soviet  Union”  was  presented  by  John 
Turfcevitch.  At  a  meeting  held  by  the  Section  of  Mathematics  and  Engineering  on  Novem¬ 
ber  16,  1956,  a  paper  entitled  "The  Application  of  Microbiological  Principles  to  the 
Design  of  Waste  Treatment  Systems”  was  presented  by  W.  Wesley  Eckenfelder,  Jr.  A 
paper  enUtled  "Anchoring  and  the  Psychology  of  Estimation”  was  presented  by  John 
Vollcmann  at  a  meeting  of  the  Section  of  Psychology  on  November  19,  1956.  No  abstracts 
of  these  papers  have  been  received. 

•  •The  work  described  in  this  paper  was  supported  by  The  National  Museum  of  Canads, 
Ottawa,  Ont.,  Canada,  and  the  American  Association  of  University  Women,  Washington, 
D.  C,  This  paper  was  presented  at  a  meeting  of  the  Section  on  November  26,  1956. 
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The  total  population  under  consideration  probably  does  not  exceed  700, 
and  it  has  certainly  always  been  sparse.  In  precontact  times  all  the 
tribes  named  had  similar  patterns  of  economy,  transport,  habitation,  and 
dress.  They  lived  their  marginal  nomadic  existence  in  an  interior  taiga 
environment  that  demands  the  constant  exercise  of  ingenious  effort  if  it 
is  to  be  exploited  successfully  for  human  livelihood.  ^ 

In  such  other  aspects  as  language  and  social  organization,  the  south¬ 
ern  Yukon  peoples  are  more  variable,  but  marked  differentiation  seems  to 
have  occurred  primarily  in  the  wake  of  intensive  trading  contact  with  the 
coastal  Tlingit  during  the  19th  century.  This  development,  in  turn,  re¬ 
sulted  from  the  arrival  on  the  coast  of  white  traders  whose  increasing 
demands  for  land  furs  put  the  Tlingit  in  the  very  advantageous  position 
of  middlemen.^’*’ 

Specific  Tlingit  influences  on  Yukon  shamanism  seem  to  have  been 
slight.  This  was  probably  because,  in  this  field,  the  northern  Tlingit 
and  their  Athabascan  neighbors  already  shared  so  much  in  common. 
In  any  case,  a  single  pattern  of  supernaturalism  and  shamanism  seems  to 
prevail  throughout  the  southern  Yukon,  and  these  phenomena  can  be 
discussed  with  a  minimum  of  reference  to  tribal  differences.  The  validity 
of  this  approach  is  supported  by  the  natives  themselves,  who  regard 
shamanistic  activity  as  the  same  whether  Tlingit  or  Athabascan  termi¬ 
nology  is  used. 

The  total  supernatural  system  is  extensive,  loosely  conceptualized, 
and  open  to  considerable  personal  interpretation.  It  fills  the  world  with 
spirits,  and  it  circumscribes  many  activities  with  taboos  and  other 
observances. 

Among  the  important  supernatural  beings  is  Animal  Mother,  who  origi¬ 
nally  gave  birth  to  all  the  animals  in  miniature.  After  rearranging  some 
of  their  features,  she  sent  them  out  into  the  world  as  food,  or  as  enemies 
of  mankind.  Periodically  she  calls  them  back  to  revitalize  them.  Other 
high  supernaturals  are  the  sun.  Mountain  Man,  and  Crow,  who  is  the 
Raven  of  the  coast.  A  variety  of  legendary  figures  and  monsters  also 
should  be  counted  as  supernaturals,  since  it  is  quite  possible  to  meet 
them  today  and  acquire  luck  and  spirit  power  from  them.  Natural  features 
of  the  landscape,  such  as  rivers,  stones,  and  certain  plants  are  also 
imbued  with  supernatural  qualities  or  spirits. 

The  relationships  between  Animal  Mother,  animal  heroes,  animal 
monsters,  and  present-day  animals  are  only  vaguely  defined.  However,  it 
is  common  belief  that  most  animals  and  some  other  natural  manifestations, 
such  as  the  Northern  Lights,  are  inhabited  by  a  special  kind  of  spirit 
termed  a  yek'^  (I  use  the  Tlingit  term).  While  animals  and  natural  objects 
may  have  other  spirits  or  souls,  as  well,  the  yek^  is  the  most  powerful. 
Such  spirits  are  potentially  harmful,  quick  to  take  offense  if  humans 
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do  not  respect  them  properly,  and  capable  of  revenge  and  punishment. 
Under  proper  circumstances  they  are  also  amenable  to  human  control. 

Although  the  Indians  speak  as  though  there  were  a  master  yek^  for 
each  animal  species,  any  given  animal  provides  a  temporary  incarnation 
for  yek^  which  permits  the  death  of  the  body  in  which  it  dwells  and  then 
returns  to  the  spirit  world  to  await  reincarnation.  If  the  animal  carcass 
is  not  well  treated,  there  is  grave  difficulty  in  reconstituting  a  new  body; 
as  a  consequence,  humans  may  starve. 

Humans  often  seem  to  be  at  a  disadvantage  in  trying  to  live  harmoni¬ 
ously  with  the  all-prevasive  spirit  world.  A  good  life  depends  not  only 
on  avoiding  affront  to  many  spirits,  but  also  on  actively  engaging  spiritual 
powers  to  act  in  one’s  own  interests.  In  critical  moments  the  layman  must 
call  in  the  specialist  in  supernaturalism  to  add  to  his  own  resources. 

While  the  difference  between  a  layman’s  and  a  specialist’s  control  of 
the  supernatural  is  one  of  degree  rather  than  of  kind,  several  types  of 
specialists  are  recognized.  The  most  important  is  certainly  the  profes¬ 
sional  shaman.  He  who  identifies  himself  as  a  full-fledged  shaman  can 
gain  the  highest  prestige  the  society  has  to  offer. 

Only  one  or  two  really  powerful  shamans  are  active  at  a  given  time  in 
any  group.  Some  bands  may  have  none  at  all,  while  others  may  have 
“doctors”  sufficiently  famous  to  attract  clients  from  all  over  the  Yukon. 
The  prevalent  belief  that  the  down-Yukon  River  shamans  are  the  most 
powerful  suggests  that  shamanism  is  of  a  particularly  Athabascan  char¬ 
acter.  All  of  the  spirit  songs  that  I  have  heard,  even  in  the  Tlingit- 
speaking  groups,  are  rendered  in  Athabascan.® 

Men,  or  women  who  have  passed  the  menopause,  can  be  shamans,  but 
male  shamans  are  more  numerous.  Ideally,  an  individual  acquires  shaman- 
istic  powers  involuntarily  at  any  age  (except  for  women)  and  under  almost 
any  circumstances. 

“People  don’t  try  to  hear  the  spirits,  they  just  come...  it’s  as  though 
you  were  to  fall  asleep...  it’s  like  a  dream  —  and  then  you  come  to  life 
again.” 

To  resist  the  call  means  certain  death  for  oneself  and  one’s  family. 
The  chosen  individual  “has  a  responsibility”  to  accept  the  power.  This 
is  one  crisis  that  cannot  be  avoided. 

In  spite  of  repeated  statements  that  power  comes  unsolicited,  inform¬ 
ants  admit  that  some  people  are  more  likely  to  become  shamans  than 
others,  and  that  some  persons  actually  seek  the  possession  of  spirits. 
The  inheritance  of  spirits  and  the  accompanying  paraphernalia  is  fairly 
common.  In  this  matrilineal  area  the  succession  is  usually  from  maternal 
uncle  to  nephew,  but  it  may  be  from  father  to  son.  Individuals  bearing  the 
names  of  earlier  shamans  often  acquire  the  spirits  of  their  namesakes. 

The  shamanistic  novice  remains  for  a  long  time  in  a  highly  precarious 
state  and  the  cooperation  of  his  family  and  the  entire  local  group  may  be 
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required  to  help  him  gain  control  of  his  spirits.  The  acquisition  of  each 
new  yek^  is  a  major  event,  requiring  eight  days  of  fasting.  At  the  end  of 
this  period  the  shaman  receives  a  song,  and  he  breaks  his  fast  by  eating 
the  sort  of  food  suggested  by  his  new  spirit.  For  example,  a  loon  yek^ 
would  say  “eat  fish.”  After  every  such  experience,  the  individual  must 
remain  continent  for  two  years  and  follow  other  rules  prescribed  in  the 
event  of  any  important  encounter  with  the  supernatural. 

Finally  the  novice  feels  strong  enough  to  act  professionally.  He  is 
ready  “to  show  his  hands,”  an  attitude  that  ideally  distinguishes  him 
from  a  witch,  who  will  never  exhibit  his  powers  in  public.  The  most  im¬ 
portant  shamanistic  duties  consist  of  locating  and  controlling  game  ani¬ 
mals  and  curing  the  sick,  but  the  shaman  is  also  called  on  to  control 
the  weather,  to  foresee  the  future,  to  ensure  success  in  war,  to  give  out 
dietary  rules  and  amulets  to  prevent  a  client’s  misfortune,  and  to  afford 
generalized  protection  against  witches  and  other  shamans. 

In  exercising  his  many  functions  the  shaman  often  acts  in  private,  but 
in  serious  cases  he  needs  public  support.  In  extreme  cases  he  must 
perform  in  a  sweat  house,  but  normally  any  ceremonially  clean  place 
will  suffice. 

Let  us  suppose  that  we  are  at  a  precontact  curing  session.  The  patient’s 
relatives  have  paid  the  shaman  to  come,  and  now  everybody  in  the 
camp,  except  the  menstruants,  gathers  to  watch  and  help.  The  shaman, 
lets  down  his  long  hair,  and  stands  naked  except  for  a  necklace  and  a 
belt.  He  now  begins  to  “doctor.”  An  assistant  beats  a  tambourine  drum 
on  which  there  is  painted  a  picture  referring  to  the  shaman’s  spiritual 
powers.  The  shaman  dons  a  separate  mask  or  animal  skin  for  each  spirit 
he  anticipates  will  possess  him.  Some  doctors  give  their  patients  a  rattle 
to  hold;  others  lay  dream  bags  upon  them.  Further  ceremonial  items  are 
supernaturally  treated  swansdown,  magic  walking  sticks  that  point  out 
game  and  witches,  soul  catchers  and  sucking  tubes  of  carved  bone, 
spirit  headbands,  and  little  mats  on  which  the  doctor  kneels  beside  the 
patient. 

As  his  assistant  drums,  the  shaman  sings  his  spirit  songs  accompanied 
by  the  whole  audience  until,  with  a  sudden  cry,  the  yek^  whose  song  it  is 
enters  the  shaman.  So  intense  is  the  possession  that  the  doctor  begins 
to  shake  and  sweat.  His  eyes  roll;  and,  according  to  informants,  he  may 
even  begin  to  float  a  few  feet  above  the  ground. 

If  the  patient  is  very  ill,  the  doctor  may  be  compelled  to  call  on  suc¬ 
cessively  stronger  spirits,  the  dreaded  land  otter  or  the  grizzly  bear. 
With  the  help  of  such  spirits  he  may  actually  extract  the  illness  in  the 
form  of  a  piece  of  bone  or  iron  or  an  intrusive  mink.'  Other  invisible 
sickness  may  be  blown  away.  Sometimes  the  patient’s  own  soul  has 
wandered  off  or  has  been  stolen  or  harmed  by  the  yek^  of  an  offended 
animal  or  of  a  hostile  shaman.  If  the  shaman  cannot  see  his  patient’s 
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soul  hovering  about  a  special  mountain  visible  only  to  shamans,  the  case 
is  hopeless,  and  he  so  informs  the  relatives  and  returns  the  payment. 

This  brief  description  of  curing  cannot  convey  the  totality  of  aboriginal 
shamanistic  activity,  but  it  touches  on  some  of  its  characteristic  features. 
If  we  now  ask  what  has  been  changed  or  added  by  the  introduction  of 
Christianity  to  the  area,  the  answer  seems  to  be:  relatively  little. 

Direct  contact  with  whites  did  not  begin  until  the  late  19th  century, 
when  a  few  prospectors  finally  broke  through  the  coastal  Tlingit  block¬ 
ade  of  the  interior.  Then  the  Gold  Rush  of  1898  occasioned  a  large-scale 
but  short-lived  invasion  of  whites,  most  of  whom  passed  through  Tagish 
territory.  Within  a  few  years  almost  all  of  the  40,000  adventurers  had 
left  the  country;  only  a  few  traders,  prospectors,  and  missionaries  re¬ 
mained.  The  Church  of  England  began  to  build  missions  and  schools; 
by  the  1920's  many  Indians  in  the  area  experienced  some  contact  with 
this  church. 

The  Oblate  Fathers  of  the  Roman  Catholic  Church  also  began  to  move 
in  at  that  time,  and  they  found  at  Teslin  a  few  Tlingit  immigrants  who 
preserved  bits  of  Russion  Orthodoxy.  Beginning  in  1942,  the  construction 
of  the  Alaska  Highway  opened  the  way  for  other  denominations,  such 
as  Father  Divine’s  group  and  Seventh  Day  Adventists,  but  both  sur¬ 
vived  only  a  short  time.  Late  in  the  1940’s  a  Baptist  sect  became 
important  in  many  southern  Yukon  communities.  One  of  the  beliefs  of 
this  sect  is  the  imminence  of  the  Day  of  Judgment,  thought  to  be  pre¬ 
dictable  through  inspection  of  world  events.  Another  fundamentalist 
“early  church”  group  arrived  in  the  1950’s,  but  its  doctrine  of  man’s 
sinfulness  has  had  little  acceptance. 

No  one  of  the  churches  has  monopolized  native  membership,  although 
all  but  a  few  of  the  Felly  River  Indians  have  become  nominal  Christians. 

The  churches  have  uniformally  condemned  polygamy  and  shamanism. 
The  natives  have  met  this  condemnation  typically  by  appearing  to  ac¬ 
quiesce.  They  no  longer  openly  discuss  the  question  of  plural  spouses 
with  the  whites,  and  they  hold  their  shamanistic  sessions  at  places  which 
the  whites  do  not  usually  visit. 

The  shaman  himself  has  borrowed  just  enough  of  the  trappings  of  the 
church  to  appear,  in  the  eyes  of  converts  to  Christianity,  allied  to  that 
institution.  He  tells  some  people  that  they  have  good  “prayer  doves’’ 
that  immediately  take  their  prayers  to  God.  He  reassures  the  villagers 
that  his  most  powerful  yek^  guards  the  entrance  to  Hell,  which  is  near 
his  own  cabin,  and  that  he  thus  guards  them  from  the  devil.  At  the  same 
time  he  continues  to  operate  in  a  world  of  animal  powers,  of  curing,  and 
of  foreseeing  so  foreign  to  Christianity  and  so  loosely  dogmatized  that 
no  conflicts  arise  in  the  minds  of  most  of  those  who  consult  him. 

Some  shamans  have  developed  a  sort  of  parallel  between  church  services 
and  shamanistic  performances.  A  few  years  ago  two  Tutchone  shamans 
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held  meetings  every  Sunday  evening.  These  sessions  were  usually  de¬ 
scribed  as  “prayer  meetings,”  and  attendance  was  heavy.  The  head 
shaman  laid  his  hands  on  people’s  heads,  foretelling  sickness  or  death. 
As  he  went  around  the  circle  of  villagers,  his  spirits  informed  him  whether 
any  menstruants  or  witches  were  present,  and  such  individuals  were 
ousted.  Then,  while  his  helper  beat  the  drum,  the  shaman  and  his  audience 
sang  “hymns”  that  led  to  the  possession  of  spirits  that  enabled  the 
shaman  to  practice  his  cures.  In  brief,  holding  the  seance  on  Sunday  did 
little  to  change  its  essentially  aboriginal  nature. 

Among  the  Tagish,  for  a  time  there  was  a  “church”  described  by 
informants  as  a  “cross  between  Indians  and  whites.”  This  so-called 
“church”  was  conducted  by  a  shaman  and  his  helper,  both  of  whom  had 
“visited  heaven.”  Having  returned,  they  advised  people  to  cut  off  the 
tips  of  the  hearts  of  any  moose  they  killed  and  to  put  crosses  on  the 
hooves. 

The  symbol  of  the  cross  has  been  widely  adopted  by  shamans,  and 
they  often  instruct  people  to  put  this  sign  in  charcoal  on  their  legs  and 
arms  every  Friday  and  Saturday,  but  not  on  Sunday.  Here  the  symbol  may 
be  borrowed,  but  the  emphasis  on  the  four  limbs  and  the  mystic  use  of 
charcoal  are  aboriginal. 

Even  before  the  time  of  direct  contact  shamans  have  made  visits  to 
heaven,  where  they  have  learned  certain  rules  of  behavior.  Some  of  them 
have  also  acquired  power  from  Jesus,  but  never  from  a  saint  or  an  angel. 
Much  in  these  visits  seems  to  derive  from  aboriginal  stories  about  the 
sun,  who  is  sometimes  equated  with  Jesus,  but  other  aspects  suggest 
that  early  knowledge  of  Christianity  is  also  involved,  as  in  the  concept 
of  Sunday,  of  making  the  sign  of  the  cross  before  “praying”  in  the 
the  morning,  and  of  the  idea  of  a  church  building.  Some  people  of  the 
interior  claim  to  have  learned  about  these  things  from  a  coastal  Tlingit 
shaman  who  visited  the  Trinity  for  a  week;  others  learned  of  them  from 
local  shamans  who  had  the  same  general  experience,  although  each  told 
his  tale  with  individual  touches. 

One  of  the  most  famous  of  all  visits  to  heaven  was  made  by  a  Ross 
River  shaman  about  sixty  years  ago.  Among  the  many  things  that  happened 
during  his  week’s  sojourn,  he  found  himself  speaking  English  to  God  and 
reading  his  past  evils  from  a  blackboard,  although  he  had  never  before 
spoken  English  nor  been  to  school.  He  visited  a  golden  house  with  a 
cross  on  top,  and  sat  in  a  golden  chair  conversing  with  Jesus.  However, 
the  most  important  single  thing  that  Jesus  showed  him  was  a  stream  of 
game  animals  traveling  around  in  a  sunwise  direction  from  heaven  to 
earth  and  back  again.  Jesus  explained  that  since  the  animal  souls  rise 
up  again,  game  would  never  be  short,  and  he  went  on  to  say  that  animal 
bones  should  not  be  burned  because,  of  the  difficulties  in  recomposing 
the  bodies.  He  added  that  reconstituting  burned  human  bodies  was  even 
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more  difficult.  Here  is  obviously  only  a  slight  recasting  of  the  Animal 
Mother  theme  and  of  the  general  theory  of  animal  spirits  and  the  import¬ 
ance  of  proper  treatment  of  animal  carcasses.  There  is  also  a  coincidental 
agreement  with  the  missionaries’  view  that  the  custom  of  cremation  intro¬ 
duced  by  the  Tlingit  is  not  good. 

It  is  likewise  interesting  to  learn  from  this  Ross  River  shaman  that 
when  Jesus  pointed  out  the  shamans  on  earth  below,  he  condemned  only 
those  who  used  pointed  bones  to  send  sickness  into  enemies.  This  is  a 
potential  act  against  which  shamans  commonly  must  defend  themselves. 

The  many  other  heavenly  adventures  and  the  rules  of  behavior  imposed 
by  this  shaman  on  his  return  to  earth,  involve  aboriginal  concepts  that 
are  likewise  or  not  at  all  thinly  veneered  with  Christian  patterns. 

John  Honigmann,®  who  has  studied  the  neighboring  Kaska,  has  also 
heard  of  the  Ross  River  shaman,  and  he  has  suggested  a  linkage  both 
with  Catholicism  and  with  the  southern  Prophet  Dance,  especially  since 
Spier®  has  presented  evidence  for  the  possible  early  spread  of  this  dance 
to  the  Mackenzie  area.^®'**  While  I  agree  that  some  sort  of  connection  is 
probable,  several  vital  elements  of  the  southern  movement  are  missing: 
the  emphasis  on  world  renewal,  a  special  dance,  and  structured  community 
ritual.  As  in  the  case  of  more  recent  shamanistic-Christian  syncretism, 
crucial  features  of  the  introduced  system  were  ignored. 

Shamanism  has  by-passed  an  entire  body  of  important  Christian  dogma 
and  techniques.  For  example,  it  cannot  be  sufficiently  stressed  that  the 
ethical  problems  of  Christianity  and  shamanism  are  of  a  totally  different 
order.  Confession  is  of  little  interest  to  shamans,  whose  spirits  are 
supposed  to  uncover  guilty  humans  who  have  broken  taboos  against 
animals  or  who  have  indulged  in  witchcraft.  Drinking,  swearing,  and  other 
sins  abhorred  by  Christians  are  not  the  shaman’s  concern.  Saints,  angels, 
and  Biblical  characters  have  little  in  common  with  shamanistic  spirits 
and  other  supernatural  manifestations,  while  priests  and  ministers  are 
certainly  not  inspired  by  the  Holy  Spirit  in  any  dramatic  fashion.  Preach¬ 
ing  is  a  poor  substitute  for  curing,  locating  game,  or  predicting  the 
future.  Consistent  theological  dogma  cannot  be  compared  to  shamanistic 
individualism.  The  list  of  differences  between  Christianity  and  shaman¬ 
ism  could  be  extended  still  further. 

By  contrast,  the  Christian  symbols  that  have  been  readily  assimilated 
are  few  and  only  superficially  related.  We  have  already  mentioned  crosses. 
The  practice  of  holding  shamanistic  sessions  on  Sunday  grew  out  of  the 
fact  that  such  observations  can  regularly  force  the  people’s  attention  on 
the  shaman.  Christian  ideas  of  souls  and  doves  amalgamate  rather  well 
with  previous  native  concepts  of  souls  and  thunderbirds.  The  singing  of 
hymns  compares  with  the  public  singing  of  yek^  songs.  Since  some  ani¬ 
mal  spirits  are  rated  according  to  their  evil  qualities,  they  can  easily  be 
assigned  to  the  devil,  while  the  underground  travel  of  spirits  fits  in  with 
the  notion  of  Hell. 
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Behind  the  adoption  or  adaptation  of  any  of  these  Christian  elements 
there  seems  to  be  a  general  idea  that,  since  whites  say  that  these  things 
are  good  and  powerful,  and  because  a  shaman  can  use  all  of  the  types  of 
power  he  can  control  and  understand,  it  is  worth  while  to  try  any  new 
ideas  that  seem  to  comport  reasonably  with  native  concepts.  This 
procedure  should  also  satisfy  both  Christian  and  pagan  natives,  even 
though  the  crucial  parts  of  Christianity  and  shamanism  overlap  at  scarcely 
any  point. 

It  is  unlikely  that  shamanistic-Christian  syncretism  will  develop  much 
further.  The  shamans  have  taken  what  is  most  useful  from  the  new  religion, 
and  have  no  strong  feelings  toward  the  rest  of  it.  They  are  not  sticklers 
for  systematic  wholes.  Until  the  native  culture  collapses  completely, 
the  two  forms  of  religion  will  probably  continue  to  exist  side  by  side. 

In  concentrating  on  the  effects  of  Christianity,  1  have  excluded  dis¬ 
cussion  of  how  shamanism  has  reacted  to  some  other  aspects  of  the  new 
white  culture,  especially  medicine.  However,  I  think  it  can  be  demon¬ 
strated  that  the  same  sort  of  tolerant  opportunism  has  operated  in  this 
field,  as  well.  Whether  this  kind  of  adaptability  is  especially  character¬ 
istic  of  the  phenomenon  of  shamanism,  or  whether  it  relates  to  a  general 
cultural  outlook  of  the  peoples  in  this  area  should  be  further  explored.*®' 
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Introduction 


There  are  two  basic  factors  motivating  research  on  the  subject  of 
anomalous  solar-weather  relationships.  First  is  the  possibility  of  a  step 
forward  toward  progress  in  the  field  of  long-range  forecasting.  Second, 
and  the  more  important  to  the  author,  is  the  satisfaction  of  following 
one's  curiosity  concerning  the  physical  state  of  the  atmosphere  and  its 
reaction  to  varied  impulses,  both  external  and  internal.  Unfortunately 
the  present  day  search  for  such  a  solar-weather  relationship  is  like  look-  ! 
ing  for  a  needle  in  the  haystack  without  knowing  whether  one  is  looking 
in  the  right  haystack,  or  whether  there  is  a  needle  there  at  all. 

In  past  years,  practically  all  efforts  to  find  these  relationships  have 
been  confined  to  statistical  and/or  synoptic  analysis.  Almost  nothing 
has  been  done  in  the  way  of  a  physical,  dynamic  approach  to  the  prob¬ 
lem.  Of  course,  directed  statistical  studies  can  be  extremely  useful.  If 
these  studies  are  to  have  real  meaning,  however,  they  must  be  associated 
with  some  physical  concept  of  atmospheric  reactions  to  solar  variations.  [• 
It  is  almost  trite  to  state  that  what  is  most  needed  at  the  present  time 
is  the  advancement  of  some  hypotheses  to  stimulate  a  consideration  of  pos¬ 
sible  mechanisms  linking  anomalous  solar  activity  and  the  lower  at¬ 
mosphere.  Any  physical  explanation  of  a  supposed  atmospheric  reaction 
must  be  based  on  our  present  knowledge  of  solar  radiation  and  its  ! 
variations. 


Solar  Radiation  and  Its  Variations 

It  is  well  known  that  solar  radiation  is  basically  responsible  for  the 
diurnal  and  seasonal  variations  in  the  weather.  However,  we  must  still 
resolve  two  questions.  Do  variations  in  solar  radiation  produce  pre¬ 
dictable  variations  in  our  weather?  If  the  answer  to  this  question  is  a 
positive  one,  we  must  then  ask  how  does  this  come  about? 

It  is  important  to  note  that,  in  addition  to  producing  diurnal  and 
seasonal  weather  patterns,  solar  radiation  is  largely  responsible  for  the 
temperature  variations  observed  at  the  earth’s  surface,  for  the  presence 
of  high  atmospheric  temperatures  at  about  50  km.  and  above  100  km., 
and  for  the  existence  of  high  concentrations  of  electrically  charged 
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atoms  and  molecules  in  the  deep  radio-reflecting  atmospheric  layer 
above  100  km. 

To  the  casual  observer,  the  sun,  although  roseate  at  dawn,  generally 
appears  as  a  uniform  sphere  of  bright  yellow.  Under  careful  telescopic 
observation,  however,  the  solar  surface  (photosphere)  presents  an  ex¬ 
tremely  mottled  or  granulated  appearance.  It  is  currently  believed  that 
granules  of  a  size  of  the  order  of  1000  km.  represent  the  tops  of  con¬ 
vection  cells  at,  or  just  below,  the  photosphere.  A  more  careful  look  at 
the  sun  through  a  spectroscope  establishes  the  fact  that,  just  above 
the  sun’s  surface,  there  exists  a  tenuous  layer,  the  chromosphere.  If  the 
sun  is  viewed  at  the  time  of  total  eclipse  (or  during  an  artificially  pro¬ 
duced  eclipse,  as  in  the  case  of  a  coronagraph)  the  solar  atmosphere  at 
and  just  above  the  chromosphere  can  be  seen  and  studied  in  fair  detail. 
The  outer  region  of  the  solar  atmosphere  (corona)  is  extremely  tenuous 
and  very  highly  ionized,  and  it  has  a  temperature  estimated  at  about 
10®  °K. 

One  of  the  most  active  scientific  groups  engaged  in  research  on  the 
observations  and  the  theory  of  solar  activity  carries  on  its  work  at  the 
High  Altitude  Observatory  of  the  University  of  Colorado,  Boulder,  Colo. 
For  the  past  fifteen  years,  under  the  directorship  of  Walter  0.  Roberts, 
this  group  has  kept  the  sun  and  its  atmosphere  under  almost  constant 
surveillance. 

The  appearance  of  the  solar  surface,  uniform  when  seen  with  the 
naked  eye,  is  sometimes  broken  up  by  the  presence  of  sunspots.  These 
are  regions  that  appear  singly  or  in  groups  and  are  known  to  be  associated 
with  extremely  strong  localized  magnetic  fields.  Sunspots  appear  dark 
because  they  are  about  1200°  K  cooler  than  the  normal  background 
(surface)  temperature  of  the  sun.  Associated  with  the  sunspots  are 
regions  of  surface  brightness  (faculae).  These  bright  photospheric 
areas,  seen  in  white  light,  are  somewhat  warmer  (200  to  300°  K)  than  the 
photosphere.  Above  the  photosphere,  in  the  general  vicinity  of  sunspots 
or  sunspot  groups,  bright  regions  (plages)  similar  to  faculae  are  to  be 
seen.  Since  the  latter  regions  occur  in  a  layer  that  has  a  decreased 
opacity  from  the  sun’s  surface,  these  plages  can  be  seen  only  in  mono¬ 
chromatic  light  (calcium,  hydrogen,  etc.).  Occasionally  a  plage  brightens 
up  into  a  flare.  The  flare  normally  has  a  short  life  (of  the  order  of  20 
min.)  and  is  seen  principally  in  the  light  of  Ha  (6563  X.).  On  very  rare 
occasions,  when  the  density  of  the  chromospheric  gas  is  extremely  high, 
these  chromospheric  flares  have  been  seen  even  in  white  light.  Flares 
are  most  frequently  observed  in  so-called  active  solar  regions:  that  is, 
regions  of  large  intense  sunspot  groups. 

Spectroscopic  examination  of  the  radiation  emitted  by  the  solar  corona 
reveals  that  highly  ionized  iron,  calcium,  and  nickel  serve  as  the  princi¬ 
pal  source  of  the  radiation.  Coronal  radiation  also  is  enhanced  at  times 
and  in  regions  of  increased  solar  activity.  Presumably  this  is  because 
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of  the  increased  concentrations  and  temperatures  of  the  ionized  particles 
over  the  active  areas. 

In  addition  to  the  radiation  that  is  emitted  from  the  sun  and  its  at¬ 
mosphere,  it  is  known  that  corpuscular  streams  are  continually  being 
ejected  from  the  sun  at  very  high  speeds  (Kiepenheuer,  1953).  Whereas 
most  of  these  particles  are  trapped  in  the  solar  atmosphere  (because  of 
the  strong  localized  magnetic  fields),  occasionally  a  surge  of  particles 
will  push  its  way  through  the  corona  and  out  to  space  and  may  reach  the 
earth’s  atmosphere  with  speeds  of  10^-10^  km.  sec.**  Although  ejection 
of  corpuscular  matter  from  the  sun  is  most  impulsive  at  times  of  great 
solar  activity,  it  is  possible  for  these  particle  streams  to  be  emitted 
even  during  the  so-called  quiet  periods  (Roberts,  1955).^  Ionized  hydro¬ 
gen  (protons)  arriving  with  speeds  of  10^  km.  sec.'*  can  penetrate  to 
depths  of  about  100  km.  before  being  stopped  by  collisions  with  air 
molecules  in  the  upper  atmosphere. 

The  average  energy  received  on  a  horizontal  surface  per  unit  area  per 
unit  time  at  the  top  of  the  earth’s  atmosphere  during  the  entire  year  is 
about  Vi  ly.  min.**  (2.3  x  10®  erg.  cm.*^  sec.**).  Most  of  this  energy 
(about  95  per  cent)  is  contained  in  the  visible  and  near-infrared  portion 
of  the  solar  spectrum  (3000  K.  -  30,000  X.),  with  much  smaller  amounts 
in  the  ultraviolet  and  infrared.  About  60  per  cent  ot  the  energy  in  the 
visible  portion  of  the  solar  spectrum  and  65  per  cent  of  that  in  the  entire 
spectrum  are  directly  retained  by  the  earth  and  its  atmosphere.  It  is 
this  60  to  65  per  cent  of  the  solar  energy  received  that  is  used  to  heat 
and  drive  the  atmospheric  engine.  There  now  arises  the  question  what 
are  the  variations  in  solar  energy  received  by  the  atmosphere  during 
periods  of  strong  solar  activity. 

It  has  often  been  claimed  that  the  solar  output  in  the  visible  spectrum 
varied  a  great  deal  during  periods  of  great  activity.  We  now  know  that 
this  is  very  unlikely.  It  has  been  suggested  that  the  sun  radiates  con¬ 
siderably  less  than  normal  during  periods  of  maximum  sunspot  activity. 
Simple  computations  show  that,  with  as  many  as  50  sunspots  present 
on  the  solar  disk  at  any  one  time  and  with  all  the  sunspots  having  an 
area  of  10'^  solar  hemispheres  and  a  radiating  temperature  of  4800°  K 
compared  to  a  photosphere  temperature  of  6000°  K,  the  total  energy  re¬ 
ceived  from  the  sun  is  diminished  by  less  than  0.1  per  cent  of  that  of 
the  “average”  sun.  Moreover,  since  large  spots  are  always  accompanied 
by  large  areas  of  faculae  with  temperatures  somewhat  higher  than  6000° 
K,  the  actual  variation  would  be  much  less. 

During  periods  of  strong  solar  activity,  however,  there  are  sudden  en¬ 
hancements  of  plage  areas  in  the  form  of  chromospheric  flares.  As  pointed 
out  above,  this  increased  radiation  is  found  principally  in  the  Ha  and  the 
H  and  K  lines  of  Ca  II  (3968  A.,  3934  A.).  For  an  extremely  strong  flare, 
and  at  its  peak  strength,  the  width  of  might  reach  about  10  A.  with  a 
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peak  intensity  at  its  center  about  double  that  of  the  background  continu¬ 
um.  Even  assuming  that  all  of  the  principal  line  emissions  in  the  visible 
spectrum  of  the  flare  are  of  the  same  relative  intensity  (which  is  cer¬ 
tainly  an  overestimate),  the  total  increase  in  energy  from  the  flare 
emission  in  the  visible  would  not  exceed  10^  erg.  cm.*^  sec.,*^  or  about 
0.4  per  cent  of  the  solar  constant. 

It  is  important  to  note  that  present  observations  indicate  that  there  are 
no  variations  of  visible  solar  radiation  larger  than  the  error  of  the  in¬ 
struments  themselves  (about  0.2  -  0.3  per  cent  of  the  visible  energy  re¬ 
ceived). 

At  the  time  of  widespread  activity  enhancements  are  noticed  also  in 
the  coronal  emission  in  Fe  XIV  (5303  X.),  Fe  X  (6374  X.),  and  Ca  XV 
(5694  X.).  The  largest  variations  in  coronal  emission,  however,  are  un¬ 
doubtedly  in  the  far  ultraviolet. 

The  near  and  far  ultraviolet  solar  radiation  is  responsible  for  the 
distribution  of  temperature  and  ionization  in  the  upper  atmosphere. 
Variations  in  the  far  ultraviolet  radiation,  although  small  in  an  absolute 
sense,  can  be  increased  by  two  or  three  orders  of  magnitude  above  their 
background  values.  As  a  result  the  ionosphere  responds  in  various  ways 
to  variations  in  the  output  of  solar  ultraviolet  radiation.  Ionization 
energies  for  the  E,  Fj  ,  and  Fj  layers  are  of  the  order  of  12.5  to  15.5 
electron  volts.  This  requires  an  absorbed  radiation  of  wave  length  less 
than  about  1000  A.  It  is  known  that,  during  the  time  of  strong  solar 
activity,  radiation  in  Lyman  a  and  the  far  ultraviolet  is  increased.  It 
should  be  pointed  out  that  the  observed  increase  in  ionization  of  E  and 
F  layers  from  the  time  of  sunspot  minimum  to  that  of  the  maximum  re¬ 
quires  a  total  average  net  energy  of  only  about  10  erg.  cm.’2  for  a  depth 
of  150  km. 

As  was  indicated  above,  although  relatively  little  total  energy  is  re¬ 
quired  to  maintain  the  ionosphere,  the  many  observed  relationships 
between  fluctuations  in  the  ionosphere  and  solar  activity  result  from 
large  percentual  variations  in  high  frequency  (X  ray  and  far  ultraviolet) 
radiation  from  the  solar  corona  and  of  the  intensity  of  corpuscular 
streams  from  the  sun.  Since  neither  this  high  frequency  radiation  nor  the 
intense  corpuscular  streams  can  normally  penetrate  to  levels  much  below 
80  km.,  one  must  look  for  indirect  processes  to  influence  the  lower 
levels  of  the  atmosphere. 

Table  1  gives  a  summary  of  the  types  of  solar  energy  received,  the 
probable  variations,  and  how  this  energy  is  used  in  the  terrestrial  at¬ 
mosphere. 


Statistical-Synoptic  Research 

As  was  pointed  out  above,  solar  activity  can  result  in  increased  ultra¬ 
violet  and/or  corpuscular  emission  from  the  sun.  The  effects  of  in- 
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Table  1 

The  Variations  and  Use  of  Solar  Energy 

Probable  How  and  where  used  in  the 

Type  Solar  source  variations  terrestrial  atmosphere 

(1)  Electromagnetic  radiation 

(a)  Radio  waves  Photosphere  Absolutely  small  Not  used 

corona  Percentually  large 

(b)  Infrared  Photosphere  Absolutely  small  Heats  lower  atmosphere 

Percentually  very  slightly 
small 

(c)  Visible  Photosphere  Absolutely  small  Heats  ground  and  lower 

Percentually  very  atmosphere —  drives 
small  atmospheric  circulation. 

Strongest  at  low  latitudes 

(d)  Near  ultra-  Photosphere  Absolutely  very  Forms  and  heats  ozone 

violet  chromosphere  small  layer 

Percentually  very 

small  I 

(e) Far  ultra-  Corona  Percentually  large  Ionizes  and  heats  upper 

violet  atmosphere  above 

100  km. 

(f)  Soft  X  rays  Corona  Percentually  large  Causes  ionization  and 

dissociations  above 
60  km, 

(2)  Corpuscular  emission 

Photosphere  Percentually  very  Causes  variations  in 

chromosphere  large  geomagnetic  field, 

corona  aurora,  strongest  at 

high  magnetic  latitudes 

creased  ultraviolet  radiation  presumably  should  be  felt  most  strongly  at 
subsolar  (tropical)  latitudes  in  the  terrestrial  atmosphere.  Those  of  in¬ 
creased  corpuscular  emission  should  be  felt  most  directly  at  auroral 
(polar)  latitudes.  Despite  this,  many  of  the  more  recent  statistical- 
synoptic  studies  (Willet,  Craig,  and  Wexler,  1951)  purport  to  show  a 
decrease  of  surface  pressure  in  the  tropics  and/or  mid-latitudes,  along 
with  an  increase  of  pressure  at  high  latitudes  (60  to  70°  N),  associated 
with  solar  disturbances,  whether  these  solar  disturbances  are  manifested 
by  increased  sunspots,  ultraviolet  radiation,  or  geomagnetic  disturbances. 

A  partial  check  at  the  100  mb.  level  for  three  stations  in  the  auroral  zone  | 
failed  to  confirm  these  results  for  geomagnetic  disturbances  (London  i 
et  al.,  1956).  ! 

Very  recent  (and  perhaps  the  most  promising)  statistical  studies  tend  | 
to  show  the  breakdown  of  large  scale  circulation  patterns  at  500  mb.  ; 
(Shapiro,  1954)  and  at  the  surface  (Shapiro,  1956)  following  strong  | 
geomagnetic  disturbances.  Shapiro  finds,  moreover,  that  the  variations  I 
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in  patterns  of  surface  circulation  over  central  North  America  are  more 
significant  when  years  of  maximum  sunspot  activity  are  eliminated  from 
the  analysis. 

It  is  certainly  desirable  in  a  statistical  approach  to  the  problem  of 
solar-weather  relationships  to  use  previous  results  as  a  guide  to  further 
research;  this  avoids  the  pitfall  of  blind  correlation  study.  A  careful 
analysis  was  therefore  conducted  by  Irwin  Ruff  of  New  York  University, 
New  York,N.  Y.,  under  the  following  assumptions  and  conditions:  (1)  At¬ 
mospheric  responses  to  solar  impulses  should  be  stronger  at  100  mb. 
than  at  the  surface;  (2)  during  times  of  relatively  weak  solar  activity, 
increased  corpuscular  emission  (as  evidenced  by  geomagnetic  dis¬ 
turbances)  might  induce  an  atmospheric  response  more  easily  than  an 
increase  in  ultraviolet  radiation  (solar  flares);  and  (3)  the  atmospheric 
response,  in  any  case,  should  be  found  sooner  aloft  than  at  the  surface. 

The  relatively  weak  solar  period  1952-1953  was  chosen  as  the  test 
period.  The  meteorological  parameter  chosen  was  the  daily  100  mb.  height 
difference  between  Columbia,  Mo.  (CBI)  and  International  Falls,  Minn. 
(INL)  to  approximate  the  average  strength  of  the  zonal  winds  at  100 
mb.  over  the  United  States.  These  were  related  separately  to  days 
of  strong  geomagnetic  disturbances  and  days  of  authenticated  solar 
flares  in  order  to  facilitate  a  comparison  between  the  two  different  types 
of  impulses.  The  statistical  method  used  was  that  of  superposed  epochs, 
and  the  variable  studied  was  the  variance  of  the  reported  height  differ¬ 
ences  for  each  day  following  a  geomagnetic  Storm  (or  solar  flare)  as¬ 
sociated  with  each  reported  case.  (There  were  17  cases  of  strong  geo¬ 
magnetic  disturbances  and  12  cases  of  solar  flares  during  the  period 
studied.)  The  analysis  covers  the  interval  of  5  days  before  to  15  days 
after  each  event,  and  the  results  are  shown  in  figures  1  and  2. 

In  both  figures,  the  solid  horizontal  line  represents  the  population 
variance,  while  the  dashed  lines  in  each  diagram  represent  the  probability 
that  on  any  day  the  standard  deviation  would  fall  outside  of  this  line. 
Thus  it  is  seen  that: 

(1)  The  variance  of  height  differences  following  a  solar  flare  is  not 
significantly  different  from  the  population  variance. 

(2)  On  the  11th  day  following  a  geomagnetic  storm  the  height  differ¬ 
ences  vary  considerably  more  than  would  be  normally  expected  from 
the  population  variance.  The  possibility  of  getting  such  a  result  pure¬ 
ly  by  chance  (approximately  1:1000)  is  small,  but  not  completely  neg¬ 
ligible.  The  pronounced  increase  of  variance  falling  on  the  11th  day  is 
consistent  with  the  results  of  Shapiro. 

It  is  important  to  note  that,  while  the  results  tend  to  confirm  those  of 
Shapiro,  the  analysis  is  not  completely  independent  of  the  500  mb. 
analysis  of  Shapiro  both  with  regard  to  data  and  method  of  analysis.  The 
results  follow  the  limitation  of  all  statistical  analyses  in  that  they  are 
suggestive,  but  not  conclusive.  It  would  be  very  desirable,  of  course,  to 
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Figure  1.  The  standard  deviations  of  100  mb.  height  differences  (CBI* 
INL)  for  days  preceding  and  following  geomagnetic  disturbances  (1952-1953)  — 
17  cases. 

extend  this  study  to  independent  checks  both  with  respect  to  time  and 
space.  Such  a  study  is  planned. 

Upper  Atmosphere  Responses  to  Solar  Activity 
The  amount  of  anomalous  solar  energy  that  is  received  in  the  at¬ 
mosphere  and  reaches  lower  elevations,  although  negligible  when  com¬ 
pared  to  the  total  energy  required  to  drive  the  normal  tropospheric  cir¬ 
culation,  could  conceivably  be  comp'’'’i»b!e  to  the  energy  required  to 
drive  the  circulation  of  the  upper  atmosphere  (above  50  km.).  Thus,  it 
is  most  likely  that  any  resulting  large-scale  circulation  changes  follow¬ 
ing  solar  impulses  would  be  found  only  in  the  upper  atmosphere.  In  that 
case  two  problems  arise:  (1)  How  (if  at  all)  can  the  mesosphere  re¬ 
act  directly  to  solar  activity?  (2)  What  are  the  interactions  between  the 
circulation  patterns  in  the  mesosphere  and  those  in  the  troposphere? 
The  following  comments  are  offered  with  regard  to  the  first  problem; 
(1)  Increased  radiation  associated  with  a  solar  flare  is  not  sufficient 
to  produce  a  direct  response  in  the  stratosphere,  as  was  suggested,  for 
instance,  by  Haurwitz  (1946).^  It  is  conceivable,  however,  that  increased 
radiation  in  Hq  and  could  be  responsible  for  initially  heating  the  top 
of  the  stratosphere,  producing  a  weak  circulation  and  resulting  in  slight 
ascending  motion  at  subsolar  latitudes.  This  could  be  amplified  by  the 
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appearance  of  temporarily  increased  amounts  of  ozone  at  upper  levels, 
causing  the  level  of  maximum  absorption  and  heating,  due  to  normal 
Hartley-Huggins  radiation  from  the  sun  to  lift,  thereby  further  decreasing 
the  static  stability  in  the  region  of  50  to  80  km.  This  decreased  static 
stability  would  aid  in  the  vertical  exchange  of  momentum  and  could  af¬ 
fect  the  horizontal  circulation  patterns  below. 

(2)  It  has  been  suggested  that  X-ray  radiation  does,  at  times,  pene¬ 
trate  into  the  atmosphere  to  produce  a  strengthened  ionization  of  the 
D-layer.  The  energy  of  this  X-ray  radiation  could  be  realized  by  the 
upper  atmosphere  upon  de-excitation.  Assuming  an  increase  in  the  electron 
density  of  the  D-layer  from  10^  to  l(y*  per  cc.  and  a  recombination  with 
ionized  NO  or  O2,  the  recombination  energy  released  to  the  atmosphere 
would  be  only  about  lO"®  cal.  cm."^  per  10  km.  and  would  be  insignificant. 

(3)  As  I  have  pointed  out,  ionized  hydrogen  particles  (protons)  coming 
from  the  sun  are  focused  in  the  earth’s  magnetic  field  and  penetrate  into 
the  earth’s  atmosphere  in  the  auroral  zone.  In  order  to  penetrate  to  about 
90  km.  (the  approximate  lower  limit  of  observed  aurorae),  these  par¬ 
ticles  must  have  a  speed  of  at  least  10®  cm.  sec.**  (that  is,  kinetic  ener¬ 
gy  per  proton  of  about  10'^  erg.).  If  we  assume  that,  as  a  result  of 
focusing,  the  stream  density  is  200  protons  cm."^ ,  then  the  proton  flux 
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Figure  2.  The  standard  deviations  of  100  mb.  height  differences  (CBI- 
INL)  for  days  preceding  and  following  solar  flares  (1952-1953)  —  12  cases. 
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is  2  X  10**  protons  cm.'*  sec.'*,  and  the  total  kinetic  energy  of  the 
stream  is  2  x  10®  erg.  cm.*^  sec.*^.  We  assume  the  total  kinetic  energy 
is  given  off  to  the  air  as  heat  when  the  particles  are  stopped.  This 
represents  an  equivalent  heat  energy  of  0.3  cal.  cm.*^  min.**  (about 
one  tenth  that  of  the  solar  constant)  that  could  result  in  a  temperature 
increase  in  a  10  km.  layer  (90  to  100  km.)  at  the  rate  of  about  1000°  C 
min.**  .  Obviously,  since  such  a  particle  stream  could  have  a  normal 
duration  of  many  hours,  this  amount  of  heat  must  be  lost  by  the  layer 
either  by  radiation  or  by  some  convective  process.  At  90  km.  the  only 
atmospheric  constituent  that  could  radiate  with  any  degree  of  efficiency 
would  be  COj.  Computations  show,  however,  that  the  combined  2.8p  and 
4.3/t  bands  of  CO2  could  account  for  a  radiative  heat  loss  in  this  layer 
of  only  a  small  fraction  of  the  loss  that  becomes  available  by  conversion 
of  the  kinetic  energy  of  the  proton  stream.  Thus,  a  local  circulation 
must  develop  in  the  auroral  zone  at  approximately  90  km.,  which  would 
be  favorable  for  transporting  heat  out  of  this  region.  The  question  still 
remains:  How  can  such  a  pulse  be  propagated  vertically  downward? 

The  conclusion  to  be  drawn  from  the  foregoing  discussion  is  that  there 
is  probably  no  mechanism  by  which  anomalous  solar  activity  can  directly 
affect  the  atmosphere  below  50  km.  The  existence  of  a  tropospheric  ef¬ 
fect  thus  depends  on  whether  vertical  pulses  can  be  transmitted  down¬ 
ward  through  the  atmospheric  layer  20  to  50  km.  without  being  completely 
suppressed.  It  is  by  means  of  studies  of  the  energetics  of  this  region 
that  meteorologists  and  geophysicists  hope  to  find  important  clues  as 
to  whether  there  can  be  a  solar-weather  relationship. 
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DIVISION  OF  MYCOLOGY 

TRANSFORMATIONS  OF  STEROIDS  BY  MOLDS* 

ByG.  M.  Shull 

Biochemical  Research  Department,  Chas,  Pfizer  &  Co.,  Inc. 

Brooklyn,  N.  Y. 

In  this  paper  I  shall  discuss  the  steroid  transformations  brought  about 
by  filamentous  fungi  exclusive  of  the  actinomycetes.  These  fungi  have 
proved  to  be  extremely  versatile  in  effecting  the  various  transformations 
on  steroids.  Indeed,  there  is  scarcely  a  microbiological  steroid  trans¬ 
formation  described  in  the  literature  that  cannot  be  accomplished  by  one 
or  more  of  the  fungi.  This  is  not  to  say  that  the  molds  are  always  the 
organism  of  choice  for  a  particular  transformation;  in  some  cases  bac¬ 
teria,  yeasts,  or  actinomycetes  may  give  better  yields.  The  molds  as  a 
group,  however,  have  certainly  provided  the  most  diverse  assortment  of 
transformation  products. 

The  fungi  that  bring  about  these  steroid  transformations  belong  to  4 
classes,  namely.  Fungi  Imperfecti,  Phycomycetes,  Ascomycetes,  and 
Basidiomycetes.  If  the  various  genera  that  have  been  used  in  steroid 
transformations  are  listed  according  to  class  (table  1),  it  can  be  seen 
that  more  of  the  cultures  belong  to  the  class  Fungi  Imperfecti  than  to  any 
other.  Such  a  tabulation,  of  course,  does  not  necessarily  reflect  the  im¬ 
portance  of  any  one  class  of  organisms  in  actual  practice. 

Let  us  now  turn  to  some  of  the  steroid  transformations  accomplished 
by  fungi  and  discuss,  in  order,  hydrogenation,  dehydrogenation,  hy- 
droxylation,  epoxidation,  and  side-chain  cleavage. 

Hydrogenation.  Three  examples  of  hydrogenation  by  Rhizopus  nigricans 
have  been  reported  by  investigators  at  the  Upjohn  Company,  Kalamazoo, 
Mich,  (figure  I).  This  organism  reduced  double  bonds  in  both  the  4,5- 
and  16,17-positions  in  progesterone  and  also  added  a  hydroxyl  group  in 
the  Ila-position.  In  the  first  case,  allopregnane-3,20,dione-lla-ol  was 
obtained^;  in  the  second,  lla-hydroxy-17a-progesterone,  a  compound  with 
the  unnatural  a  side-chain  configuration.^  The  third  example  was  the  re¬ 
duction  of  the  22-aldehyde  group  in  3-ketobisnor-A*  -cholen-22-al  with 
concomitant  11a-  and  6/3-hydroxylation  to  yield  lla,22-dihydroxy-bisnor- 

-cholen-3-one  and  6/8,11  a,22-trihydroxy-bisnor-A^  -cholen-3-one.^ 

At  the  Pfizer  Laboratories  (Brooklyn,  N.  Y.)  we  have  observed  the  re¬ 
duction  of  the  20-ketone  group  by  Curvularia  lunata  and  Epicoccum 
oryzae  (figure  2).  The  incubation  of  compound  S  with  E.  oryzae  yielded 
A^-pregnene-17a,20/3,21-triol-3-one.  In  the  case  of  C.  lunata  (figure  3) 

*Thi8  paper,  illustrated  with  lantern  slides,  was  presented  at  a  meeting  of  the  Division 
on  November  23,  1956.  This  article  was  also  presented  before  the  130th  Meeting  of  the 
American  Chemical  Society,  Atlantic  City,  N.J.  in  1956. 

The  following  abbreviations  are  used  in  this  paper:  DOC  *  11-deoxycorticosterone; 
compound  S  (Reichstein)  ■  A^-pregnene-1  7ci,21-diol-3,20-dione. 
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a  small  amount  of  the  11  oxygenated  product,  A* -pregnene-ll/3,17a,20/3- 
21-tet^ol-3-one  was  produced  in  addition  to  the  main  product,  hydro¬ 
cortisone,  when  the  organism  was  incubated  with  compound  S.®  If 
dehydro-compound  S  was  used  as  the  substrate  with  C.  lunata,  the  re¬ 
duced  epoxido  steroid.  A**- 9)3,  ll/3-epoxidopregnene-17a,20/3,21-triol-3- 
one,  was  isolated  from  the  broth.’ 

The  transformation  of  cortisone  to  Reichstein’s  substance  U  by  Fusari- 
tan  solani  has  recently  been  described  by  Szpilfogel.® 

Dehydrogenation.  Microbiological  dehydrogenation  reactions  on  steroids 
include  the  conversion  of  secondary  alcohols  to  ketones  and  the  removal 
of  hydrogen  from  methylene  groups  of  the  nucleus.  In  these  transforma¬ 
tions  bacteria  and  streptomycetes  have  been  employed  more  frequently 
than  fungi.  However,  certain  fungi  can  carry  out  the  dehydrogenation  of 
steroids  in  the  1,2-position,  a  conversion  that  is  of  importance  in  the 
production  of  prednisone  and  prednisolone.  One  of  the  limiting  factors  in 
the  use  of  molds  for  the  production  of  A^  -compounds  has  been  the  tenden¬ 
cy  of  certain  cultures  to  cleave  the  side  chain  in  addition  to  removing 
hydrogen  from  the  A  ring.  This  side-chain  cleavage  will  be  discussed 
later. 

Investigators  at  CIBA,  Ltd.,  Basel,  Switzerland®  have  described  the 
production  of  prednisone  from  cortisone  by  Fusarium  solani  (figure  4). 
When  17-deoxy  steroids  are  employed  as  substrates,  this  culture  also 

Table  1 

Steroid-Transforming  fungi  Listed  According  to  Class 


Fungi  Imperfecti 

Phycomycetes 

Ascomycetes 

1 

Basidiomycetes 

Alternaria 

Cunninghamella 

Calonectria 

Lenzites 

Aspergillus 

Heliocostylum 

Didymella 

Agaricus* 

Cephalothecium 

Mac  or 

Eiuotium 

Armillaria* 

Colletotrichum 

Phycomyces 

Gibberella 

Cantharellus* 

Coniothyrium 

Rhizopus 

Neurospota 

Hebeloma* 

Dothichiza 

Ophiobolus 

Lepiota* 

Curvularia 

Cylindtocarpon 

Dactylium 

Epicoccum 

Fusariian 

Gliocladium 

Hormodendrum 

Penicillium 

Pestalotia 

Pycnosporium 

Rhodoseptoria 

Spicaria 

Trichoderma 

Trichothecium 

Wojnowicia 

Peziza 

Lycoperdon* 

Morchella* 

Pleurotus* 

Tricholoma* 

^Transformation  products  not  Isolated. 
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Figure  1.  Hydrogenation 

cleaves  the  side  chain.  In  contrast,  they  found  that  various  species  of 
Calonectria,  Ophiobolus,  and  Altemaria  produced  the  A* -analogs  from 
17-deoxy  steroids  without  loss  of  the  side  chain.  Nearly  quantitative 
yields  of  1,2-dehydrogenated  compounds  were  obtained  from  a  wide 
variety  of  steroids  by  the  use  of  still  another  culture,  Didymella  ly- 
copersici.^” 

Hydroxylation.  Hydroxylation  represents  one  of  the  most  important 
reactions  carried  out  by  the  fungi  on  steroids.  Hydroxylations  in  the 
11-,  17-,  and  21-positions  are  especially  important  in  the  synthesis  of 
adrenocortical  hormones,  but  equally  important  from  the  standpoint  of  the 
I  research  investigator  are  the  hydroxylations  in  the  6/3-,  7a-,  7/3-,  8-  or 
9-,  10-,  14a-,  15a-,  15/3- ,  and  16a-positions  that  can  also  be  accomplished 
by  molds  (figure  5).  From  these  transformations  many  novel  and,  in 
some  cases,  previously  unobtainable  steroids  can  be  prepared.  Examples 
of  these  hydroxylations  will  be  considered,  beginning  with  the6-posi- 
I  tion  and  proceeding  to  the  21-position. 

I  6^-HydroxyIation.  The  6/3-position  of  the  steroid  molecule  is  one  of 
the  positions  most  frequently  hydroxylated  by  fungi.  In  many  cases  this 
type  of  hydroxylation  is  also  accompanied  by  hydroxylation  in  another 
position  in  the  molecule.  Thus,  when  progesterone  is  incubated  with 
6|3-hydroxylating  cultures  a  dihydroxy  derivative  usually  results  (f  ig  ur  e 
6).  In  this  manner  6/3,  lla-dihydroxyprogesterone  was  obtained  by  fer- 
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Figure  2.  Hydrogenation 

menting  progesterone  with  Rhizopus  arrhizus,  ^  Rhizopus  cambojae,^^  and 
Aspergillus  nigerP  Mucor  corymbiier,  on  the  other  hand,  produced  6/3, 
14a-dihydroxyprogesterone.*^ 

The  presence  of  an  additional  hydroxyl  group  in  the  progesterone 
molecule  appears,  in  many  cases,  to  suppress  hydroxylation  in  other 
positions  and  permit  the  introduction  of  a  hydroxyl  group  in  the  6-position 


Figure  3.  Hydrogenation 
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Fusarium  solani 
Calontetria  sp. 
Ophiobolus  sp. 
Alternaria  tp. 
Didymtlla  lycopwslci 


Hydrocortisone 
9a  -  F I  uorohydrocort  i  sone 
Corticosterone 
Compound  S 
DOC 

Progesterone 

1 1  -Dehydro-  17a  -methy  Icort  ico  sterone 
6*Dehydre-D0C 
1 1-Dehydroprogesterone 
17a-Ethynltestosterone 
17a  -Methy  Itestosterone 


A‘  -  Analogs 
Didymtila  lycopursici 

Vischer  et  o/.‘® 


Figure  4.  Dehydrogenation 

alone.  Examples  of  this  are:  the  conversion  of  17a-hydroxyprogesterone 
to  6/8,17a-dihydroxyprogesterone  by  Rhizopus  arrhizus,^*  the  conversion 
of  16a-hydroxyprogesterone  to  6/3,16a-dihydroxyprogesterone  by  Aspergil¬ 
lus  nidulans,  and  the  conversion  of  DOC  to  6^-hydroxy-DOC  by  Rhizo- 


CH2  - 

C  =0 


Figure  5.  Hydroxylatlons  by  fungi 
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Figure  6.  6/8-Hydroxylation 

pus  anhizus}^  Lenzites  abientina,^’’  and  Trichothecium  roseutn, 
(figure  7).  The  latter  substrate  with  Cephalothecium  roseum,  however, 
yielded  6/3-hydroxy-compound  S,  a  dihydroxylated  product.*®  6/3-Hydroxy- 
compound  S  also  has  been  obtained  by  the  incubation  of  compound  S  with 
Rhizopus  arrbizus^  and  Helicostylum  piriforme?^ 

Additional  6/3-hydroxylations  by  fungi  (table  2)  include;  andro- 
stenedione,  testosterone,  and  17a-methyltestosterone  by  various  species 
of  Rhizopus, androstenedione  by  Aspergillus  niger,  19-nortesto- 
sterone  by  Rhizopus  nigricans, and  6-ketobisnor-A^-cholen-22-al  by 
Rhizopus  species.^ 

7-Hydroxylation.  Investigators  at  E.  R.  Squibb  and  Sons,  New  Bruns¬ 
wick,  N.J.,*®  have  described  the  hydroxylation  of  progesterone  in  the 

7- position  by  Phycomyces  blakesleeanus.  The  configuration  of  the 
hydroxyl  group  has  not  yet  been  determined  (figure  8).  The  Swiss 
CIBA  group  have  found  that  species  of  both  Peziza  and  Curvularia  can 
introduce  a  7a-hydroxyl  group  into  DOC.  At  Pfizer,  7a,14a-dihydroxy- 
compound  S  has  been  isolated  from  a  Curvularia  lunata  fermentation  of 
compound  S.® 

The  incubation  of  pregnenolone  with  Rhizopus  arrhizus  was  originally 
believed  by  Murray  and  Peterson^®  to  yield  products  oxygenated  in  the 

8-  and  11-positions.  The  position  of  one  of  the  oxygen  atoms,  however. 
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CHoOH  CHpOH 

i  =  0  (!  =  0 


Figure  7.  6/3-Hydroxylation 

was  later  shifted  from  8  to  7^^  and  a  /3-configuration  assigned  to  it. 
The  revised  structures  of  the  products  obtained  from  pregnenolone 
(figure  9)  then  would  be  3/8,7/8,lla-trihydroxy-5-pregnene-20-one  and 
3/3,lla-dihydroxy-5-pregnene-7,20-dione.  The  incubation  of  allopregnane- 
3/3-ol-20-one  with  the  same  organism  yielded  allopregnane-3/3,7/3-diol- 
20-one.“'^^  Similarly  a  Rhizopus  sp.  has  been  reported^*  to  convert  al- 
lopregnane-3/3,21-diol-20-one  into  the  corresponding  7/3-hydroxylated 
derivative. 

8-  and  9-Hydroxylation.  Hydroxylations  in  these  2  positions  of  the 
steroid  molecule  are  grouped  together,  because  the  evidence  at  hand 

Table  2 

Additional  S/S-Hydroxylations  by  Fungi 


Substrate 

Organism 

Authors 

Androstenedione 

Rhizopus  sp. 

Eppstein  et  a  I.** 

Androstened  tone 

Aspergillus  niger 

Fried  et  at.^* 

•Testosterone 

Rhizopus  sp. 

Eppstein  et  al.“ 

1 9-N  ortest  osterone 

Rhizopus  nigricans 

Pederson  et  ai,** 

1 7  O'Methy  Itestosterone 

Rhizopus  sp. 

Eppstein  et  al.** 

6-Ketobisnor-A^-Cholene* 

22-al* 

Rhizopus  sp. 

Meister  et  at.* 

*Also  1  la^hydroxylation  and  reduction  of  22-aldehyde. 
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Figure  8.  7-Hydroxylation 

does  not  permit  the  assignment  of  position  or  configuration  of  the  added 
hydroxyl  group.  These  positions  are  usually  assigned  by  a  process  of 
elimination  and  the  evidence  as  to  configuration  is  equally  meager,  al¬ 
though  the  8/3-  and  9a-orientations  recently  have  been  favored  as  more 
probable  from  a  theoretical  standpoint. 

Murray  and  Peterson^  first  described  hydroxylation  in  the  8-position 
(figure  10).  They  obtained  8-hydroxy-compound  S  from  the  fermentation 
of  compound  S  with  Helicostylum  piriforme.  A  monohydroxylated  DOC 
derivative,  believed  to  be  hydroxylated  at  either  the  8-  or  9-position,  was 
obtained  by  3  groups  of  investigators  from  DOC  fermentations  with 
Curvularia  pallescens,^^  Mucqr  parasiticus,^^  and  Neurospora  crassa.  ^ 
The  products  obtained  from  the  3  fermentations  are  reported  to  be  iden¬ 
tical.*^ 

lO-H^droxylation.  This  is  a  novel  type  of  transformation  recently  re¬ 
ported.  Hydroxylation  in  this  position  is,  of  course,  possible  only  in 
the  19-nor  series  of  steroids  (figure  11).  The  configuration  of  the  10- 
hydroxyl  group  in  lO-hydroxy-19-nortestosterone  has  not  yet  been  es¬ 
tablished.  The  hydroxylation  was  accomplished  with  Rhizopus  nigricans. 

lla-Hydroxylation.  Hydroxylation  in  the  lla-position  of  steroids  has 
been  studied  extensively,  and  it  appears  that  this  type  of  activity  is 
fairly  common  among  the  fungi,  certainly  within  certain  genera  such  as 
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Rhizopus  and  Aspergillus.  It  is  an  important  reaction,  since  it  permits 
the  one-step  introduction  of  the  essential  11  oxygen  function  into  steroid 
hormones.  Chemical  methods  are  available  for  the  conversion  of  the 
“unnatural”  lla-hydroxyl  group  into  the  active  ll/S-hydroxyl  group  or 
into  a  ketone.  Practically  quantitative  yields  have  been  achieved  by  the 
Upjohn  group  in  the  transformation  of  progesterone  into  1  la-hydroxy- 
progesterone  by  Rhizopus  nigricans.^ 

Several  studies  on  lla-hydroxylation  of  steroids  have  been  published 
by  investigators  at  Merck  and  Co.,  Inc.,  Rahway,  N.  J.  In  a  survey 
of  a  large  number  of  Aspergilli  and  Penicillia,  these  investigators  found 
that  the  ability  to  transform  progesterone  into  1  la-hydroxy  progesterone 
and  compound  S  into  11-epi-hydrocortisone  was  quite  common  in  the 
genus  Aspergillus,  but  much  rarer  in  the  genus  Penicillium.  They  also 
noted  that  additional  hydroxylation  of  progesterone  to  6/3,1  la-dihydroxy- 
progesterone  occurred  frequently,  but  that  conversion  to  lla,17a-dihydroxy- 
progesterone  occurred  only  occasionally.  In  studies  with  Aspergillus 
ochraceus  they  found  that  progesterone  was  transformed  stepwise  to 
lla-hydroxyprogesterone  and  then  to  6/3,  llo-dihydroxy  progesterone. 
The  second  hydroxylation  could  be  prevented  by  culturing  the  organism 
on  a  zinc-deficient  medium. 

The  conversion  of  progesterone  to  lla-hydroxyprogesterone  by  a 


Figure  9.  7-Hydroxylation 
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Figure  10.  8-  or  9-Hydroxylation 

variety  of  fungi  has  been  reported  (figure  12).  These  fungi  include 
various  species  of  Rhizopus^’^^’^’^  and  Aspergillus, Pestalotia 
foedans^  Eurotium  cbevalieri,^^  and  Dactylium  dendroides.^’’ 

The  lla-hydroxylation  of  many  additional  steroid  substrates  has  been 
accomplished  chiefly  by  the  same  organisms  (table  3).  The  con¬ 
versions  include  allopregnanedione  and  pregnanedione, and  6-dehydro- 
progesterone^®  by  Rhizopus  nigricans;  16a-hydroxyprogesterone  by 
Aspergillus  niger;  17a-hydroxyprogesterone  by  Rhizopus  nigricans,^* 
Aspergillus  niger, and  Dactylium  dendroides;^^  DOC  by  Rhizopus 
sp.,^*'^  Aspergillus  niger, and  Dactylium  dendroides;^^  compounds 
by  Rhizopus^^'^^  and  Aspergillus^^'^^  species;  and  16a,17a-oxidoproges- 
terone^®  and  19-nortestosterone^^  by  Rhizopus  nigricans.  The  introduc¬ 
tion  of  both  the  11a-  and  the  17a-hydroxyl  groups  into  DOC  was  achieved 
in  fermentations  utilizing  Cephalothecium  roseum^^  and  Dactylium 
dendroides.^^  The  lla-hydroxylation  of  16-dehydroprogesterone  and  3- 
ketobisnor-A*  -cholen-22-al  was  mentioned  previously. 


Rhizopus  nigricans 
Figure  11.  10-Hydroxylation 
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Figure  12.  lla-Hydroxylation 

11^-HydroxyIation.  The  microbiological  11/3-hydroxylation  of  com¬ 
pound  S  yields  hydrocortisone.  Because  this  one-step  transformation  is 
so  attractive,  it  has  received  much  attention.  However,  judging  from  pub¬ 
lished  accounts  and  from  our  own  experience,  it  appears  that  micro¬ 
biological  11/3-hydroxylation  does  not  occur  as  frequently  as  hydroxyla- 
tions  in  some  other  positions.  So  far,  all  but  one  of  the  11/3-hydroxylating 
cultures  that  have  been  described  are  fungi  (figure  13). 

The  Upjohn  group  has  published  several  papers^^*^^'^^'^  on  the  con¬ 
version  of  compound  S  to  hydrocortisone  and  cortisone  by  Cunning- 
hamella  blakesleeana.  This  group  discovered  that  the  addition  of  certain 
fatty  acid  esters  and  water-soluble  alcohols  increased  the  yield  of 
hydrocortisone.  Phenol  and  2,4-dichlorophenol  also  had  a  beneficial 
effect  on  the  production  of  this  compound.  Very  good  total  yields  of  the 
2  hormones  were  achieved  in  shake  flasks  by  employing  various  com¬ 
binations  of  these  additives. 

Describing  work  done  in  our  laboratories  we  have  published  a  paper  on 
the  conversion  of  compound  S  to  hydrocortisone  by  Curvularia  lunata.*^ 
Other  cultures  that  are  also  able  to  effect  this  conversion  and  which  we 
have  studied  at  Pfizer  are  representatives  of  the  genera  Pycnosporiwn,*^ 
Rbodoseptoria,*^  and  Dothichiza.*^  A  species  of  Coniothytium  that  can 
also  bring  about  this  transformation  has  been  reported  by  Fried.*® 

At  Pfizer  another  11/3-hydroxylated  product  has  been  obtained  from  the 
incubation  of  compound  S  with  Curvularia  lunata*^  (figure  14).  It  is 
14a-hydroxy-hydrocortisone,  a  compound  that  possesses  glucocorticoid 
activity  of  the  same  order  of  magnitude  as  hydrocortisone.  As  might  be 
anticipated,  the  incubation  of  14a,15a-epoxido-compound  S  with  the  same 
organism  produced  the  11/S-hydroxylated  epoxido  compound.®® 
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Figure  13.  11/3-Hydroxylation 

Simpler  substrates  can  also  be  hydroxylated  in  the  ll|3-position 
(figure  15).  From  the  fermentation  of  progesterone  with  Curvutaria 
lunata  we  obtained  11/3-hydroxyprogesterone.^®  Investigators  at  Syntax, 
S. A.,  Mexico,  D.F.,  Mexico  have  recently  reported®^  that  they  obtained 
corticosterone  from  a  similar  type  of  fermentation.  This  transformation 
requires  both  11/8-  and  21-hydroxylation. 


CHpOH 

I 

C  =  0 


Figure  14.  11/8-Hydroxylation 
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Figure  15.  ll/3-Hydroxylation 
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Figure  16.  14a-Hydroxylation 
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Other  CuTvularia  fermentations  have  yielded  1 1/3,1 7a-dihydroxyproges- 
terone^®  and  11/3, 14a, 17a-trihydroxyprogesterone“  from  17a-hydroxy- 
progesterone  and  corticosterone  from  DOC/®  Cunninghamella  blakesleeana 
has  also  been  reported  to  convert  DOC  to  corticosterone. 

14a-HydroxyIation.  An  early  reported  example  of  microbiological  14a- 
hydroxylation  is  that  by  Helicostylum  piriforme  in  the  original  Upjohn 
patent,^  issued  in  1952.  Since  that  time  this  activity  has  been  demon¬ 
strated  in  a  number  of  other  fungi  (figure  16).  The  conversion  of  DOC 
to  14a-hydroxy-D0C  has  been  accomplished  by  Mucor  griseocyanus,^^ 
CuTvuIaria  sp.,*^  and  Cunninghamella  blakesleeana,*^  in  addition  to 
Helicostylum  piriforme?^ 

Various  species  of  Mucor  have  also  been  used  in  the  preparation  of 
14a-hydroxyprogesterone^*  and  6/3,14a-dihydroxyprogesterone*^  from 
progesterone  and  of  14a-hydroxytestosterone^*  from  testosterone. 

14a-Hydroxy-compound  S  and  14a-hydroxyhydrocortisone  (mentioned 
previously)  have  been  obtained  from  compound  S  fermentations  with 
Helicostylum  piriforme^^  and  Curvularia  lunata,*^  respectively.  When 
^9(11)  -dehydro-compound  S  was  employed  as  a  substrate  with  the  latter 
organism,  14a-hydroxy-A®^**^-dehydro-compound  S  was  one  of  the  products^ 
(figure  17). 

15-Hydroxylation.  While  microbiological  15-hydroxylation  has  been 
mentioned  in  earlier  reviews,  the  first  publication  on  this  type  of  trans- 


CHgOH  CHgOH 


Figure  17.  14a-Hydroxylation 
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progesterone  in  a  similar  manner  with  Colletotrichum  antirrhini.  The 
structures  of  the  2  compounds  were  established  by  the  preparation  of 
15-ketoprogesterone,  a  derivative  common  to  both  steroids,  and  by 
differences  in  ease  of  esterification  and  chromatographic  mobility 
exhibited  by  the  2  isomers.  Similar  transformations  on  DOC  were 
achieved  by  the  Swiss  CIBA  investigators.  *^*24  In  this  case,  the  15/3- 
transformation  was  accomplished  with  Lenzites  abientina  and  the  15a- 
with  Gibberella  baccata.  The  configuration  of  the  15-hydroxy  compounds 
was  originally  assigned  in  reverse  order,^^  and  later  revised.*^  Still 
another  pair  of  organisms  was  used  by  investigators  at  Lederle  Labo¬ 
ratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.Y.,  to 
produce  the  corresponding  compound  S  derivatives.  A  species  of 
Spicaria  yielded  15/3-hydroxy-compound  S,  while  Hormodendrum  viride 
produced  15a-hydroxy-compound  S. 

In  the  survey  of  Penicillia  made  by  Dulaney  and  associates,^*  men¬ 
tioned  earlier,  a  number  of  Penicillium  species  were  found  to  convert 
progesterone  into  what  was  believed  to  be  a  15-hydroxy  derivative.  The 
configuration  of  the  added  hydroxyl  was  not  determined. 

16a-Hydroxylation.  The  microbiological  16a-hydroxylation  of  steroids 
was  first  described  by  Fried  and  by  associates  of  Squibb,  and  most  of 
the  additional  work  on  this  type  of  hydroxylation  has  come  from  these 
laboratories  (figure  19).  Only  2  mold  cultures  capable  of  carrying  out 
this  hydroxylation  have  been  reported.  They  are  Pestalotia  funera^*  and 
Didymella  vodakii. 

17a-Hydroxylation.  The  first  examples  of  microbiological  hydroxylation 


C»phaloth»cium  rofum  Maittcr  »t  o/.’’ 

TrichoMacium  rosaum  Mayitra  af  o/.** 


Figure  20.  1 7a -Hydroxylation 


164 


TRANSACTIONS 


Figure  21.  17a-Hydroxylation 


Figure  22.  17a-Hydroxylation 
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in  the  17a-position  were  provided  by  essentially  simultaneous  publica¬ 
tions  of  the  Upjohn^®  and  the  Swiss  CIBA*®  groups.  This  hydroxylation 
is  important,  since  it  accomplishes  microbiologically  the  introduction  of 
another  of  the  hydroxyl  groups  found  in  hydrocortisone  (figure  20).  The 
products  obtained  from  Trichothecium  roseum  and  from  Cephalotheciwn 
roseum  by  the  2  groups  were  the  same  when  11-substituted  steroid  sub¬ 
strates  were  employed.  Thus,  both  cultures  provided  cortisone  from  11- 
dehydrocorticosterone  and  hydrocortisone,  and  cortisone  from  cortico¬ 
sterone. 

However,  when  DOC  was  incubated  with  these  cultures,  different 
products  were  obtained  (figure  21).  The  Trichothecium  fermentation 
yielded  compound  S  plus  6/3-hydroxy-DOC,  while  the  Cephalothecium  fer¬ 
mentation  yielded  11-epi-hydrocortisone  and  6/3-hydroxy-compound  S. 

No  comparison  of  the  2  organisms  on  progesterone  can  be  made,  since 
no  information  on  the  Trichothecium  fermentation  with  this  substrate  has 
been  published.  In  the  case  of  Cephalothecium,  lla-17a-dihydroxyproges- 
terone  was  obtained  (figure  22).  The  same  product  has  also  been  ob¬ 
tained  by  the  action  of  Dactylium  dendroides  on  lla-hydroxyprogesterone. 
The  transformation  of  progesterone  to  17a-hydroxy progesterone  by 
Trichoderma  viride  has  recently  been  reported.®* 

21-Hydroxylation.  The  final  position  to  be  considered  in  the  discussion 
on  microbiological  hydroxylation  by  fungi  is  the  21-position  (figure  23). 

CH3  CHgOH 

r  -  n  * 


Figure  23.  2l-Hydroxylation 
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Additional  21-Hvdroxylations  by  Fungi 


Substrate 

Organism 

Hydroxyl(s) 

added 

Authors 

1 9-N  orprogesterone 

Aspergillus  niger 

21 

Zaffaroni  et  al.** 

1  lo-Hydroxyprogesterone 

Aspergillus  niger 

21 

Zaffaroni  et  al. 

1  lyS-Hydroxy  progesterone 

-Aspergillus  niger 

21 

Zaffaroni  et  at. 

6(fl-Hydroxyprogesterone 

Aspergillus  niger 

21 

Zaffaroni  et  al. 

14c^Hydroxyprogesterone 

Aspergillus  niger 

21 

Zaffaroni  et  at. 

Progesterone 

Curvularia  lunata 

11/3,  21 

Rubin  et  at.’^ 

f2 


OH 


CHgOH 


Mucor  parasitieus 


Figure  24.  Epoxidation 
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A  hydroxyl  group  in  this  position  is  of  importance  for  biological  activity 
in  many  of  the  hormones.  The  first  microbiological  2 1-hydroxy lation  was 
reported  by  the  CIBA  group.^^  In  this  publication  the  21 -hydroxy lation  of 
progesterone,  11-ketoprogesterone,  and  1 7a-hydroxyprogesterone  was  ac¬ 
complished  by  the  use  of  Opbiobolus  herpotrichus.  Later,  other  groups 
described  the  conversion  of  progesterone  to  DOC  with  Aspergillus  niger^^ 
and  Wajuawicia  graminis.^^ 

In  addition  to  progesterone,  the  Syntex  investigators  have  used  As¬ 
pergillus  niger  to  prepare  a  number  of  other  21-hydroxylated  steroids®* 
(table  4).  The  conversion  of  progesterone  to  corticosterone,  an  example 
of  11/3,21-dihydroxylation,  by  Curvularia  lunata^^  was  mentioned  earlier. 

Epoxidation.  In  the  course  of  some  studies  on  the  microbiological 
transformation  of  unsaturated  steroids  in  our  laboratories,  we  found  that 
in  certain  cases  epoxidation  occurred.’^  Although  we  have  studied  only 
a  limited  number  of  such  unsaturated  steroids,  it  appears  that  epoxidation 
occurs  only  when  a  steroid  containing  an  isolated  double  bond  is  in¬ 
cubated  with  a  culture  capable  of  introducing  an  axial  hydroxyl  group  into 
the  steroid  nucleus  at  the  site  of  the  unsaturation  (figure  24).  One 
example  of  this  type  of  transformation  was  provided  by  the  incubation  of 
a’ -dehydro-compound  S  with  either  Curvularia  lunata  or  Cunning- 
hamella  blakesleeana,  both  11/3-hydroxylating  cultures.  The  product  was 
9/3,1 1/3-epoxido-compound  S.  When  1  la-hydroxy lating  cultures  were  em¬ 
ployed  with  the  same  substrate,  no  9a,  lla-epoxido-com pound  S  was 
formed.  The  other  example  of  microbiological  epoxidation  that  we  noted 
was  the  conversion  of  -dehydro-compound  S  into  14a,15a-epoxido- 
compound  S  by  14a-hydroxylating  cultures,  such  as  Curvularia  lunata, 
Cunninghamella  blakesleeana,  Helicostylum  piriforme,  Mucor  griseocyanus, 
and  Mucor  parasiticus. 

In  addition  to  14a,15a-epoxido-compound  S,  the  lljS-hydroxylated 
derivative,  14a,15a-epoxido-hydrocortisone,  was  also  obtained  from 
Curvularia  lunata  fermentations  when  -dehydro-compound  S  was  used 
as  a  substrate.*® 

Side-chain  cleavage.  Although  there  were  earlier  studies  on  the  micro¬ 
biological  degradation  of  the  sterol  side  chain,  it  was  not  until  1953 
that  the  microbiological  cleavage  of  the  2-carbon  side  chain  from  C21 
steroids  was  demonstrated.  Three  independent  groups  (CIBA,  Upjohn, 
and  Squibb)  all  reported  this  transformation  within  a  short  interval.  The 
products  obtained,  however,  were  not  the  same  in  all  cases  since  de¬ 
hydrogenation  in  ring  A  and  lactone  formation  in  ring  D  sometimes  ac¬ 
companied  the  side-chain  cleavage. 

In  the  Upjohn  publication*®  simple  oxidative  cleavage  of  the  proges¬ 
terone  side  chain  to  yield  androstenedione  was  reported  when  Gliocladium 
catenulatum,  Penicillium  lilacinum,  or  Aspergillus  flavus  were  used 
(figure  25).  Another  fungus  that  can  bring  about  this  transformation  is 
Cephalothecium  subverticillatum.^  The  use  of  Penicillium  lilacinum  in 


Figure  26.  Side-chain  cleavage 
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Figure  27.  Side-chain  cleavage 


the  transformation  of  14a-hydroxyprogesterone  into  14a-hydroxyandros- 
tenedione  has  also  been  described.^' 

Side-chain  cleavage  accompanied  by  dehydrogenation  in  ring  A  was 
first  described  by  the  CIBA  group*'  (figure  26).  This  group  obtained 


CHgOH 
C  =0 


FIGURE  28.  Side-chain  cleavage 
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Figure  29.  Expansion  of  ring  D  ^ 

A*'^-androstadiene-3,17-dione  by  incubating  progesterone,  pregnenolone,  | 
or  DOC  with  various  species  of  Fusaritan.  We  have  obtained  similar  L 
results  with  Pycnodothis  sp/®  | 

The  conversion  of  progesterone  into  testolactone,  a  transformation  ^ 
that  involves  both  side-chain  cleavage  and  lactone  formation  in  ring  D,  | 
was  announced  at  the  same  time  by  both  the  Squibb  and  Upjohn  groups  | 
(figure  27).  Fried  and  his  associates®^  employed  Penicillium  chryso-  t 
genum,  Aspergillus  tlavipes,  and  Mucor  wucedo  in  this  fermentation,  f 
Peterson  and  colleagues®®  used  Aspergillus  ftavus  for  the  conversion  of 

21 

both  progesterone  and  17a-hydroxyprogesterone  to  testolactone.  In  our  f 
laboratories  the  conversion  of  compound  S  to  testolactone  by  Curvularia  I 
lunata  under  certain  conditions  has  been  noted.  I 

The  last  example  of  side-chain  cleavage  embodies  all  3  of  the  previous-  L 
ly  mentioned  transformations  (figure  28).  The  product  is  A* -dehydro-  [ 
testolactone.  Fried  and  his  associates®^  obtained  this  compound  by  in-  f 
cubating  progesterone  or  compound  S  with  Cylindrocarpon  radicicola.  ^ 
They  also  obtained  it  from  testosterone,  but  no  side-chain  cleavage  is  [ 
involved  in  this  transformation.  We  have  obtained  A^ -dehydrotestolactone  P 
from  the  fermentation  of  DOC  with  a  species  of  Fusariuw.^  | 

As  a  final  example  of  steroid  transformations  that  can  be  brought 
about  by  molds,  I  should  like  to  call  your  attention  to  an  unusual  micro-  { 
biological  conversion  in  which  the  5-membered  D  ring  is  expanded  into  £ 
a  6-membered  ring  (figure  29).  This  novel  transformation,  reported  by  | 
Fried  et  al.,^^  resulted  when  1 7a-hydroxyprogesterone  was  incubated  j 
with  Aspergillus  niger.  In  addition  to  the  normal  lla-hydroxylated  " 

product.  an  11-hydroxylated  D -homosteroid,  17a-methyl-D-homo-A  -  j. 

androstene-lla,17a-diol-3,17-dione,  was  also  produced.  This  is  the  only  ? 
example  of  such  a  microbiological  transformation  that  has  been  reported  I 
to  date.  I 
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COXFEREXCES  HELD 

SECTIOX  OF  BIOLOGY 

PROTEOLYTIC  ENZYMES  AND  THEIR 
CLINICAL  APPLICATION 

Thursday,  November  8  and 
Friday,  November  9,  1956 

Conference  Chairman:  Gustav  J.  Martin 
The  National  Drug  Company,  Philadelphia,  Pa. 

THURSDAY,  NOVEMBER  8,  1956 

LABORATORY  STUDIES 

Session  Chairman:  Felix  Haurowitz 
Indiana  University,  Bloomington,  Ind. 


9:00  A.M.  - 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
Biology,  The  New  York  Academy  of  Sciences,  New  York,  N.Y.;  Lederle 
Laboratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 

“Introduction  to  the  Conference”  —  Felix  Haurowitz,  Indiana  University, 
Bloomington,  Ind. 

“Isolation,  Purification  and  Properties  of  Proteolytic  Enzymes  from  Ani¬ 
mal  Sources”  —  Feliz  Haurowitz,  Indiana  University,  Bloomington,  Ind. 

“Activation  and  Multivalent  Actions  of  Proteolytic  Enzymes”  —  Hans 
Neurath,  University  of  Washington,  School  of  Medicine,  Seattle,  Wash. 

“The  Humoral  Protease:  Plasmin”  —  Daniel  L.  Kline,  Yale  University, 
New  Haven,  Conn. 

“The  Activation  of  Plasmogen”  —  Sten  Mullertz,  Biological  Institute  of 
the  Carlsberg  Foundation,  Copenhagen,  Denmark.  (To  be  read  by  utie.) 

“Biochemical,  Experimental  and  Clinical  Studies  of  Proteolytic  En¬ 
zymes”  —  Sol  Sherry,  Jewish  Hospital  of  St.  Louis,  St.  Louis,  Mo. 

Session  Chairman:  Hans  Neurath 
University  of  Washington,  Seattle,  Wash. 

2:00  P.M.- 

“Proteases  in  the  Clotting  Mechanism”  —  Charles  R.  Brambel,  Notre 
Dame  University,  South  Bend,  Ind. 

“Anti-inflammatory  Effect  of  Trypsin”  —  Gustav  J.  Martin,  The  National 
Drug  Company,  Philadelphia,  Pa. 
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“Anti-inflammatory  Effect  of  Streptokinase”  —  Samuel  Gordon  and  Frank 
B.  Ablondi,  Lederle  Laboratories  Division,  American  Cyanamid  Company, 
Pearl  River,  N.  Y. 

“Clinical  and  Experimental  Studies  on  Fibrinolytic  Enzymes”  —  Julian  ! 
L.  Ambrus,  C.  M.  Ambrus,  N.  Back,  J.  Sokol  and  G.  L.  Collins,  Roswell  ' 
Park  Memorial  Institute,  Buffalo,  N.  Y. 

k 

FRIDAY,  NOVEMBER  9,  1956  ' 

CLINICAL  STUDIES  | 

Session  Chairman:  William  S.  Tillett  I 

New  York  University  College  of  Medicine,  New  York,  N.  Y.  L 

9:00  A.M.  -  f 

“Introductory  Remarks”  —  William  S.  Tillett,  New  York  University  Col-  ! 
lege  of  Medicine,  New  York,  N.  Y.  I 

“Use  of  Enzyme  Aerosols”  —  Maurice  S.  Segal,  Tufts  College,  Medical  j 
School,  Boston,  Mass.  j 

“Use  of  Enzymes  in  Veterinary  Medicine”  —  Charles  W.  Raker,  Universi-  1 
ty  of  Pennsylvania  School  of  Veterinary  Medicine,  Philadelphia,  Pa.  p 

“The  Principles  Involved  in  the  Topical  Use  of  Streptokinase-Strepto-  I 
dornase”  —  William  S.  Tillett,  New  York  University  College  of  Medicine,  ^ 
New  York,  N.  Y.  [ 

“The  Value  of  Streptokinase-Streptodornase  in  Surgical  Infection  and  ! 
Inflammation”  —  James  F.  Connell,  Jr.,  St.  Vincent's  Hospital,  New  f 
York,  N.  Y. 

“The  Anti-inflammatory  Effect  of  Parenterally  Administered  Proteases”  | 

—  Irving  Innerfield,  New  York  Medical  College,  New  York,  N.  Y.  j 

“Trypsin  Double  Blind”  —  Lawrence  S.  Kryle  and  Herbert  S.  Kupperman,  j 
New  York  University  College  of  Medicine,  New  York,  N.  Y.  | 

Session  Chairman:  Orion  H.  Stuteville  j 

Northwestern  University,  Chicago,  Ill.  , 

2:00  P.M.- 

“The  Anti-inflammatory  Effect  of  Intramuscular  Streptokinase”  —  Joseph  ' 


M.  Miller,  Veterans  Administration  Hospital,  Fort  Howard,  Baltimore,  Md.  j  ^ 

“Clinical  Use  of  Chymotrypsin”  —  Emil  A.  Fullgrabe,  The  Armour  Labo-  ^  E 
ratories,  Kankakee,  Ill.  '  L 

“Clinical  Experiences  with  Trypsin”  —  A.  Lee  Lichtman,  New  York  ^  •< 

Polyclinical  Medical  School  and  Hospital,  New  York,  N.  Y.  T 
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“The  Intravascular  Use  of  Streptokinase”  —  Alan  Johnson,  New  York 
University  College  of  Medicine,  New  York,  N.  Y. 

“The  Use  of  Plasmin  in  Humans”  —  E.  E.  Cliffton,  Cornell  University 
Medical  College,  Sloan-Kettering  Institute  for  Cancer  Research  and  Memo¬ 
rial  Hospital,  New  York,  N.  Y. 

“Clinical  Use  of  Enzymes  in  Neurosurgery”  —  Ira  Jackson,  University  of 
Texas  —  Medical  Branch,  Galveston,  Texas. 

“Intramuscular  and  Buccal  Trypsin  in  Asthma”  —  N.  E.  Silbert,  Massa¬ 
chusetts  Soldiers  Home,  Boston,  Mass. 

ORGANIZING  COMMITTEE 
L.  Earle  Arnow  B.  L.  Hutchings 

J.  M.  Beiler  Gustav  J.  Martin 

Walter  C.  Dietrich  William  Swain 

Emil  A.  Fullgrabe  Max  Tishler 

H.  J.  Williams 


SUBCELLULAR  PARTICLES  IN  THE 
NEOPLASTIC  PROCESS 

Monday,  November  19  and 
Tuesday,  November  20,  1956 

Conlerence  Co-Chairmen 
C.  P.  Rhoads,  Memorial  Center  for  Cancer 
and  Allied  Diseases,  New  York,  N.  Y. 

Hilary  Koprowski,  American  Cyanamid  Company, 

Research  Division,  Lederle  Laboratories,  Pearl  River,  N.  Y. 

MONDAY,  NOVEMBER  19,  1956 
GENERAL  CONSIDERATIONS 
Session  Chairman:  C.  P.  Rhoads 

Memorial  Center  for  Cancer  a»'d  Allied  Diseases,  New  York,  N.  Y. 

9:00  A.M.- 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
Biology,  The  New  York  Academy  of  Sciences,  New  York,  N.  Y.;  Lederle 
Laboratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 

“Clonal  Derivation  of  Viruses”  —  R.  Dulbecco,  California  Institute  of 
Technology,  Pasadena,  Calif. 
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“Double  Infection  with  Viruses"  —  G.  K.  Hirst,  Public  Health  Research 
Institute  of  the  City  of  New  York,  N.  Y. 

“Transplantation  of  Immunity  and  Subcellular  Particles"  —  P.  B.  Meda- 
war.  University  College,  London,  England. 

“Absence  of  Immunologic  Identity  of  Neoplastic  Cells"  —  H.  N.  Green, 
University  of  Leeds,  Leeds,  England. 

“Host  Cell  Changes  Accompanying  Viral  Multiplication  as  Observed  in 
the  Electron  Microscope"  —  C.  Morgan,  Columbia  University,  New  York, 
N.  Y. 


EFFECTS  OF  PARTICLES  ON  CELLS 

Session  Chairman:  M.  J.  Kopac 
Graduate  School  of  Arts  and  Science,  New  York  University, 
New  York,  N.  Y. 


2:00  P.M.- 

“Transduction  and  Transformation"  —  M.  L.  Morse,  University  of  Colo¬ 
rado,  Denver,  Col. 

“Bacterial  Transformation:  Stages  and  Frequency  of  the  Process"  -  A. 
W.  Ravin,  University  of  Rochester,  Rochester,  N.  Y. 

“The  Tumor-Inducing  Factor  in  the  tu-e  Strain  of  Drosophila  melano- 
gaster”: 

I.  “Isolation  and  Action  of  the  Tumor-Inducing  Factor"  — L.  Burton, 
California  Institute  of  Technology,  Pasadena,  Calif. 

II.  “Characteristics  and  Nature  of  the  Tumor-Inducing  Factor"  -  F. 
Friedman,  California  Institute  of  Technology,  Pasadena,  Calif. 

“Cytoplasmic  Inheritance"  —  C.  C.  Lindegren,  Southern  Illinois  Univer¬ 
sity,  Carbondale,  Ill. 

“Transplantation  of  Subcellular  Particles  by  Micrurgy"  —  M.  J.  Kopac, 
New  York  University,  Graduate  School  of  Arts  and  Science,  New  York, 
N.  Y. 

VIRUSES  IN  NEOPLASTIC  TISSUE 

Session  Chairman:  Thomas  M.  Rivers 
National  Foundation  for  Infantile  Paralysis,  New  York,  N.  Y. 

6:00  P.M.- 

“Latency  of  Induced  Virus  Infection"  —  A.  E.  Moore,  Memorial  Center 
for  Cancer  and  Allied  Diseases,  New  York,  N.  Y. 

“Enhancement  of  Susceptibility  to  Viruses"  —  I.  Koprowska,  University 
of  the  State  of  New  York  Medical  Center  at  New  York  City,  Brooklyn, 
N.  Y. 
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“Lymphocytic  Choriomeningitis  in  Experimental  Neoplasms”  —  S.  Stewart, 
National  Cancer  Institute,  National  Institutes  of  Health,  Bethesda,  Md. 

“Induction  of  Tumors  by  Vaccinia  Virus  in  Mice  Prepared  by  Certain 
Combinations  of  Methylcholanthrene  and  Cortisone"  —  F.  Duran-Reynals, 
Yale  University  School  of  Medicine,  New  Haven,  Conn. 

TUESDAY,  NOVEMBER  20,  1956 
FOWL  TUMORS 

Session  Chairman:  A.  E.  Moore 

Memorial  Center  for  Cancer  and  Allied  Diseases,  New  York,  N.  Y. 

9:00  A.M.- 

“Rous  Virus  —  The  Purification  Problem”  —  W.  R,  Biyan  and  J.  B. 
Moloney,  National  Cancer  Institute,  National  Institutes  of  Health,  Beth* 
esda,  Md. 

“Infection  of  Cells  by  Rous  Sarcoma  Virus”  —  H.  Rubin,  California  In¬ 
stitute  of  Technology,  Pasadena,  Calif. 

“Etiology  of  Avian  Leukosis”  —  J.  Beard,  Duke  University  School  of 
Medicine,  Durham,  N.  C. 

“Routes  of  Natural  Infection  in  Lymphomatosis”  —  R.  Burmester,  U.  S. 
Department  of  Agriculture,  Lansing,  Mich. 

“Induced  Fowl  Tumors”  —  P.  R.  Peacock,  Royal  Beatson  Memorial  Hos¬ 
pital,  Glasgow,  Scotland. 

MOUSE  NEOPLASMS 

Session  Chairman:  Hilary  Koprowski 
American  Cyanamid  Company,  Research  Division, 

Lederle  Laboratories,  Pearl  River,  N.  Y. 

2:00  P.M.- 

“Infection  of  Newborn  Mice  with  Leukemia  Agents”  —  L.  Gross,  Veter¬ 
ans  Administration  Hospital,  Bronx,  N.  Y. 

“Leukemia  of  Adult  Mice  Caused  by  a  Transmissible  Agent”  — C.  Friend, 
Memorial  Center  for  Cancer  and  Allied  Diseases,  New  York,  N.  Y. 

“Strain  Specificity  of  Leukemia  Agent”  — G.  W.  Woolley,  Memorial  Center 
for  Cancer  and  Allied  Diseases,  New  York,  N.  Y. 

“Chloroleukemia  of  Mice”  (To  be  read  by  title)  —  A.  Graffi,  Institut  fOr 
Medizin  und  Biologie,  Deutsche  Akademie  der  Wissenschaften  zu  Berlin, 
Germany. 

“Subcellular  Structures  of  Possible  Viral  Origin  in  Some  Mammalian 
Tumors”  —  L.  Dmochowski,  M.  D.  Anderson  Hospital,  Houston,  Tex. 
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“Present  Status  of  Non-Viral  Factors”  —  L.  Law,  National  Cancer  In¬ 
stitute,  National  Institutes  of  Health,  Bethesda,  Md. 

“Recent  Studies  on  the  Mouse  Mammary  Tumor  Agent  (MTA)”  —  J.  J. 
Bittner,  University  of  Minnesota  Medical  School,  Minneapolis,  Minn. 

GENERAL  SUMMARY  OF  CONFERENCE 

H.  Andervont,  National  Cancer  Institute, 

National  Institutes  of  Health,  Bethesda,  Md. 


THE  ROLE  OF  1-131  LABELED  PROTEINS 
IN  BIOLOGY  AND  MEDICINE 

Friday,  November  30,  1956 

Conference  Chairman:  S.  P.  Masouredis 
Central  Blood  Bank,  University  of  Pittsburgh 
Medical  School,  Pittsburgh,  Pa. 

METHODOLOGY 

Session  Chairman:  A.  S.  MacFarlane 
Medical  Research  Council,  National  Institute  for  Medical  Research, 
London,  England 


9:00  A.M.  - 

Greetings  from  the  Academy  —  Hilary  Koprowski,  Chairman,  Section  of 
Biology,  The  New  York  Academy  of  Sciences,  New  York,  N.Y.;  Lederle 
Laboratories  Division,  American  Cyanamid  Company,  Pearl  River,  N.  Y. 

“Chemistry  of  lodination”  —  W.  L.  Hughes,  Jr.,  Brookhaven  National 
Laboratory,  Upton,  N.  Y. 

“/n  r/vo  1-131  Plasma  Protein  Behavior”  —  A.  S.  MacFarlane,  Medical 
Research  Council,  National  Institute  for  Medical  Research,  London, 
England. 

“Comparative  Metabolic  Fate  of  1-131  and  C-14  or  S-35  Biosynthetically 
Labeled  Proteins”  —  P.  Goldsworthy  and  Wade  Volwiler,  University  of 
Washington  Medical  School,  Seattle,  Wash. 

“Radiochemical  and  Radiobiological  Effects  in  1-131  Protein  Solutions” 
—  S.  A.  Berson,  Veterans  Administration  Hospital,  Bronx,  N.  Y. 

APPLICATIONS 

“Distribution  and  Biological  Half-Lives  of  Homologous  and  Heterologous 
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Proteins”  —  Frank  J.  Dixon,  University  of  Pittsburgh  Medical  School, 
Pittsburgh,  Pa. 

“Current  Status  of  the  Tissue  Localization  of  I*131  Labeled  Anti-Tissue 
Antibodies”  —  D.  Pressman,  Roswell  Park  Memorial  Institute,  Buffalo, 
N.  Y. 

Discussion. 


APPLICATIONS 

Session  Chairman:  Frank  J.  Dixon 
University  of  Pittsburgh  Medical  School,  Pittsburgh,  Pa. 

2:00  P.M.  - 

“The  Measurement  of  the  Primary  Reaction  between  Antigen  and  Antibody” 

-  D.  W.  Talmadge,  University  of  Chicago,  Chicago,  Ill. 

“Studies  with  1-131  Labeled  Insulin”  —  N.  D.  Lee,  Veterans  Administra¬ 
tion  Medical  Teaching  Group  Hospital  and  University  of  Tennessee, 
Memphis,  Tenn. 

“Degradation  of  1-131  Albumins  in  Normal  and  Cancerous  Humans”  — 
J.  L.  Steinfeld,  R.  Paton,  A.  Flick,  R.  Milch,  and  F.  Beach,  National 
Cancer  Institute,  National  Institutes  of  Health,  Public  Health  Service, 
U.S.  Department  of  Health,  Education,  and  Welfare,  Bethesda,  Md.,  and 
D.  L.  Tabern,  Abbott  Laboratories,  North  Chicago,  Ill. 

“Distribution  Dynamics  of  Circulating  and  Extravascular  1-131  Plasma 
Proteins”  —  D.  Gitlin,  Harvard  University  Medical  School,  Boston,  Mass. 

“Contributions  of  1-131  Labeled  Plasma  Proteins  to  Blood  Volume  Studies” 

-  M.  I.  Gregersen,  Columbia  University,  New  York,  N.  Y. 

Concluding  Remarks:  S.  P.  Masouredis,  Central  Blood  Bank,  University 
of  Pittsburgh  Medical  School,  Pittsburghi  Pa. 
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